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DIE TERMINOLOGIE DER APOMIXIS- 

PROZESSE 

VON FOLKE FAGERLIND 

BOTANISCHES INSTITUT DER UNIVERSITÄT, STOCKHOLM 


B El vieler Pflanzen erfolgt Reproduktion, ohne dass eiii Sexualakt 
und olme dass ein Kernphasenwechsel vorgekommen sind. Die 
Reproduktion kanii da auf verschiedene WeLse gescliehen. Um hier 
Ordnung zu schaffen, sind bcsondere Termini eingefiilirt worden. Die 
Terminologie zeigt indesscn eine immer grössere Neigung zu bedenk- 
Jicba Verwirrung, weshalb mir eine kritische Prufung derselben berech- 
tigt erscheint. Die folgcnde Priifung, Revision und Terminologie be- 
treffen in erster Linie die liöberen Pflanzen. Die Terminologie diirftc 
jedoch im grossen ganzen auch Geltung besitzen, wo es sich um andere 
Organismen liandelt. 

Fiir sämtliche Fälle, wo ein Organismus sich fortpflanzt, ohne dass 
Befruchtung erfolgt, ist oft der von de Bary (1878) eingefuhrle Aus- 
druck Apogamie angewandt worden. Fraglich ist indessen, ob de Bary 
wirklich gemeint hat, dass der Ausdruck in diesein Sinne verwendet 
werden sollte. Aus seinen Definitionen und Beispielen geht das nicht 
Ilar hervor. Naturlich war die Problemstellung 1878 eine andere als 
heute, ■ 'le Gesamtlage unseres Wissens bringt es mit sich, dass Defini- 
tionen und Exemplifikationen aus jcnem Jalire heute oft nicht mehr 
anwendbar sind. Mir will es scheinen, als habe de Bary mit seinem 
Ausdruck in erster Linie das Fehlen einer sexuellen Fortpflanzung be- 
zeichnen wollen. de Barys Terminus ist später in verschiedener Weise 
verwendet worden: 1) zur Bezeichnung des Falles, wo Fortpflanzung 
mitteis Samen geschieht, ohne dass aber Befruchtung erfolgt ist, 2) zur 
Bezeichnung der Bildung eines Sporophylen aus einem Gametophyten, 
ohne dass Befruchtung erfolgt ist, 3) zur Bezeichnung der Bildung eines 
Sporophyten aus einer somatischen (iametophytenzelle, ohne dass Be- 
fruchtung erfolgt ist. 

WiNKLER (1908) fuhrte den Ausdruck Apomixis ein, um »den 
Ersatz der geschlechtlichen Fortpflanzung durch einen anderen, unge- 
schlechllichen, nicht mit Kern- oder Zellverschmelzung verbundenen 
Vermehrungsprozess» zu bezeichnen. Der Ausdruck Apomixis ist 
jedoch später in genau so variabler Weise wie der Ausdruck Apogamie 

I 


Heredlta» XX Vt. 




2 


FOLKE FAGEBLIND 


4 


verwendel worden. Ich beniige mich, hier ein BeLspiel anzufuhren. 
Daklington (1937, S. 434) schreibl: »Apomixis inay be definei (follow- 
ing WiNKLER, 1908) as a system of reproduction having exlernal 
character of sexual reproduclion but omitting one or both of iis essential 
cellulär processes. These are meiosis and fertilisation». Dies heissl doch 
Il ich t WiNKLER zu folgen. 

Isl es erlaubt, auf diese Weise einmal definierte Au.sdrucke ihrc 
Bedcutuiig ändern zu lassen? Ja, unter gewissen IJmstäiiden. Näm- 
lich wenn die weitere Forschung Resultale ergibt — beispi dsweise F3nt- 
deckungen, die mit sich bringen, dass in die Definition oder in die ersle 
Definition und die erste Fxemplifikation eingehende Tatsachen ein- 
ander widersprechen die dies verlangen, damit es ubcrhaupl möglich 
sein soll, mit der Terminologie zu arbeiten. Soweit als möglivih muss 
indessen auf die Priorität stets Riicksiclit genoinnien werden. Siniiär.de- 
rungoii obne begriindeten Anlass sind iinstatthafl. Wird eine Ände- 
rung an der Bedeutung eines Terminus vorgenommen, so niiiss eine 
neue Definition gegebeii werden, wobei aiich ausdriicklich gesagt wer- 
den muss, dass die Definition neu ist. Was das Apomixisgebiet betrifft, 
so hat die weitere Forschung kanin in grösserem Aiisinass eine Ande- 
rung der Bedeutung der Termini notwendig gemacht. Krforderlicli ist 
vielniehr die Finfiihrung neuer Termini geworden, die neben den alten 
anzuwenden sind. 

Die gleichartige Veränderimg der Bedeutung der Terinini Apogamie 
und Apomixis beruht auf zwei verschiedenen Dingen: 1) ein Terminu» 
ist notwendig, uin diejenigen Fälle zu bezeichnen, wo Repr^ laktion 
mitteis Samen erfolgt, aber ohne dass Kernphasenwechsel oet Befruch- 
tung geschieht (vgl. Darlingtons Definition des Terminus Apomixis, 
siehe oben), 2) man hat die Bildung eines Spt»rophylen aus einer frii- 
heren Sporophytiuigeneralion, eventuell iiber eine (iametophytengene- 
ration hin, mit der Bildung einer Sporophytengeneration aus einer 
(iametophylengeneration vermengt, man hat Gametophytenbildung aus 
einem Sporophyten als l^"ortpflanzung des Sporophyten und Sporo- 
phytenbildung aus einem (iametophyten als Fortpflaiizung des Ganieto- 
phyten bezeichnet. In diesem letzteren irrlumlichen Verfahren liegt zu 
grossem Teil die Verwirrung, die in der Terminologie eingetreten ist. 
Man darf nicht den Ausdnick Fortpflanzung in dualistischer Bedeutung 
verwenden. llnter Fortpflanzung muss Reproduktion verstanden wer- 
den; die Bildung eines neuen Organismus aus einem gleichartigen, also 
die Fortpflanzung des Sporophyten, muss in der Bildung eines neuen 



DIE TERMINOLOGIE DER APOMIXIS-PROZESSE 3 

Sporophyten, und wenn Generationswechsel vorliegt» in einer solcheii 
liber einen Ciametophytengeneration liin, bestelien. 

1908 gab WiNKLER eiiie Einleiluiig der verscliiedeneu Weisen, wie 
die apomiktisclie Vermehriing vor sich gelit. Es sclieint jedocli, als ob 
er dabei den Fehler begehl, auf den icb soeben iiingewiesen habe. Er 
stellt nämlich drei llnterabteilungen, »vegetative Propagation, Apo- 
gamie und Paiihenogenesis einander gleich. Er definiert Apogamie: 
»die apumiklisclie Enlstehung eines Sporophyten aus vegelaliven Zellen 
des Gametophyt(‘n» und Parthenogenesis: »die apoiniklische Entstehuiig 
eines Sporophyten aus einem Ei». Der erste der drei Ausdriicke bezieht 
sich auf eine MethtKie. nacJi welcher Fortpflanzung geschieht, die beiden 
anderen bezeichuen verschicdene Weisen, wie die Sj)orophytenbildiing 
vom (iamelophyteii aus geschieht. Winklek hat niöglicherweise den 
Ausdnick Fortpllanziing in einer nachlässigen Weise henutzl. Wenn 
er hier von Forti)flanzung spricht, nieint er walirsclieinlich nur Sporo- 
phytenbildung, sonst iiätte er sich einer dualistischen Verwendung des 
Ausdruckcs Apomixis scliuldig gemacht. In dieser Weise - - Apo- 
niixis — - Sporophytenbildung ohne Befruchlung — hat ot‘fen])ar Edman 
(1931) WiNKLERs Arbeit aufgefasst. Die mcisten Autoren sind aber 
dem Worflaut der WiNKLERschen Definition gefolgt. Es wäre jetzt sehr 
unpraklisch, änders zu tun. Foiglich definiere icli: Apomixis — Repro- 
duktion ohne Befruchtung und also auch ohne Kernphuseniuechsel. 

Ks erhebt sich aber nun die Frage, welcher von den Termini zur 
Bezcichnung der Reproduktion ohne Befruchtung beizubehalten ist, 
Apogamie oder Apomixis. (iiiSTAFSSON (1935) antworlet: »As this term 
fscil. Apogamie) has in course of years been employed to denote difl- 
erent things, VV^inkler’s tenn is certainly to be preferred». Da jedocli 
der WiNKLERsche Terminus ebensosehr wie der Terininus Apogamie 
»missbraucht» worden ist, verliert die von (iiiSTAFSSON angefuhrle Be- 
griindung ihreii Wert. Renner (1910) erklärt: »Nun sagt (iamic aber 
soviel wie Paariing, Mixis ist Mischung, Verschinelzung. Wir wissen, 
dass bei den höheren Pilzen allgemein der Geschlechtsvorgang zunächst 
in einer Kernpaarung besteht, auf die ganz spät erst di(‘ Kernverschmel- 
zung folgt. Die\ser zweite Schritt bleibt sogar ganz aus bei gewissen 

Uredineen . Wir finden hier (iamie ohne Mixis, oder, uni mit 

Maire zu sprechen, Apomixis». Schliesst man sich dieser letzteren 
Ansicht an, so miissten bei den höheren Pflanzen beide Ausdriicke, 
Apomixis und Apogamie, angewendet werden können, da ja wcder 
Gamie noch Mixis vorliegt (man beachte jedoch Fälle von Pseudo- 
gamie!). Renner lässt also die rein sprachliche Bedeutung der Termini 
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enlscheidend sein. Dies ist jedocli kuuni zweckmässig. Wenn ein Ter* 
minus eininai bogrifflich definiert worden ist, muss er wenu möglich 
seiiie Hedeutung beibehalten, auch wenn sie, rein sprachlich gesehen, 
nicht völlig korrekt ist. 

Da lur den WiNKLERschen Terminus eine genaue Definition vor- 
liegt, da die Bedeulung des von DE Bary geschaffcnen Terminus nicht 
völlig klar ist, und da der erstgenannte Terminus jetzl mehr in (ie- 
brauch ist, zielie ich es vor, den VV^iNKLERschen Ausdruck zu benutzen, 
obwohl er jiingcr ist. 

Iiidividuen, bei denen die Reproduktion durch Apomixis bedingt ist, 
sind von Turesson (1926) Apomikten genannt worden. 

»Die drei Erscheinungen Apogamie, Aposporie und Nucellar- 
embryonie können als verschiedene Fälle von apomiktischer Samen- 
bildung (Embryobildung) zusanimengefasst werden. Man könnte diese 
drei Fälle auch mit dem ncuen Terminus Agamospermie bezeichnen», 
schreibt Täckholm (1922) in seiner wohlbekannten Abhandlung iiber 
Rosa. Wie Täckholm den Unifang der beiden Termini Apogamie und 
Aposporie abgrenzt, ist nicht deutlicb erkennbar. Es scheint jedoch am 
ehesten, als wenn er dasselbo meinte wie Ernst (1918): mit Apogamie 
die Bildung eines (iainetophyten aus einer Archesporzelle oder deren 
Derivaten und die Bildung eines Sporophyten aus diesem Gametophyten, 
ohne dass Kernphasenwechsel oder Befruchtung erfolgt ist, und mit 
Aposporie den analogen Fall, wo der Gametophyt aus einer rein somati- 
schen Zelle hervorgegangen ist. Unter Agamospermie wird also, kurz 
gesagt, verstanden Reproduktion miitels Samen, obwohl keine Befriich- 
tiing erfolgt ist. Der Nutzen eines solchen Kollektivausdrucks liegt offen 
zutage. Audi solche Fälle, wo man nicht ini Delail die Vorgänge im 
ubrigen kennt, aber weiss, dass Reproduktion mittets Samen, obwohl 
ohne vorhergehende Befruchtung, geschieht, können auf diese Weise 
bezeichnet werden. Dass der Terminus wirklich nötig ist, zeigt die 
historische hmtwicklung der Bedeutung der Termini Apogamie und 
Apomixis. 

Zwei Typen von Apomixis können also aufgestellt werden: Agamo- 
spermie und Reproduktion ohne Samen. 

Individuell, die sich durch Agamospermie reproduzicren, können 
Agamospermen genannt werden. 

Die agamosperniische Entwicklung tritt in ihrer einfachsten Form 
hervor, wenn Nucellarembryonie (embryonia estrasaccale; Chiarugi) 
vorliegt, Hie:r enlsteht direkt aus einer Sporophytenzelle, näher be- 
stimmt aus einer Nucellus- oder Integumentzelle (oder Plazentazelle?). 



_ DIE TERMINOLOGIE der APOMIXIS-kPROZESSE 5 

Si Embryo, ein neiier Sporophyt. Nucellarembryonie isl iiicbt mit 
(ieneratioiiswechsel verbunden. Alle andereii Eälle von Aganiospermie 
sind durch (lenerationswechsel — nicbl aber Kernphasenwechsel — 
gekennzeichnet. Ein Terminiis liir diese Typen von Aganiospermie 
fehlt. I)as Bedurliiis nach einem solchen liegt jedoch vor. Agamogonie 
scheinl mir gceignet. Zwar sind hier schon friiher Ausdrucke zur An- 
wendung gekommen, nämlich Parthenogenesis, Apogamie iind Apo- 
sporie. Wo dies geschehen ist, sind dieselben aber in felilerhailer Weise 
verweiidel worden (siehe iinten). 

Individuen, die sicli durch Agamogonie reproduzieren, können als 
Againogonen bezeichnet werden. 

Rei agamogoiiischer Entwicklung spielen sicb zwei verschiedene 
Prozess(» ab: (Jametophylenbildung, die nichl mit (Uiromosomenzahl- 
reduklion verbunden ist, iind Sporopbytenbildung, die nicht mit Re- 
1‘ruchlung verbunden ist. Jeder dieser beiden Prozesse kann aut* ver* 
schiedene Weise vor sich gehen. Um hier Ordnung zu schaflen, ist es 
nolwendig, beslimmte Termini zu gebrauchen. Solche sind aiich vor- 
Jianden. Eine scliarfe Angabe ihrer Redeutung ist jedoch notwendig, 
da sie in verschiedenem Sinne angewandt worden sind. 

Fiir die zwei verschiedenen Weisen, aut' welche Sporophyten- 
Jiildung ohne Retruchtung ertolgeii kann, benutzte Winklek die Ter- 
mini Parthenogenesis und Apogamie. Seine Detinitionen sind oben 
reteriert. Sein Terminus Apogamie ist aber von Kenner (1916) durch 
den neuen Ausdruck Apogametie ersetzt worden, den eine ReiJie von 
Eorschern akzeptiert haben (z. R. Rosenberg, 1930; Edman, 1931), 
deslialb nämlich, weil der Ausdruck Apogamie in so vielen verschiede- 
nen Redeutungen gebraucht worden ist. Wenn die Zelle, die den Sporo- 
phylen lietert, die unreduzierte ('diromosoinenzahl besitzt, spricht man 
von somatischer, diploider (Diplo-) oder zygoider, wenn sie die redu- 
zierle Zahl hat. von generaliver, haploider (Haplo-) oder azygoider 
Parthenogenesis bzw, Apogametie. 

Die späteren Prozesse bei agamogonischer Entwicklung erfolgen 
also durch (Diplo- ) Parthenogenesis = Sporophytcnbildiing ohne Be- 
fruchtung aiis einem (unreduzierten) Ei oder durch (Diplo-) Apoga- 
melie—Sporophytenhildung ohne Befruchtiing aus ei/icr (unreduzierten) 
vegetntiven Gametophytenzelle, 

Fiir die verschiedenen Weisen, auf welche die unreduzierten (ia- 
metophyten gebildel werden können, fiihrte Winkler keine Termini 
ein. Er schreibt nur (1908, S, 71): »Wir bezeichnen als somatische 
Parthenogenesis die ohne vorhergehende Befruchtung erfolgende Ent- 
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wicklung einer Eizelle zum Embryo, deren Kern von vornherein die 
diploide (diroinosomenzahl fiihrt. Da nun die Eizelle des Ganietophyten 
normalerweise einen haploidchromosomif 5 en Kern besitzt, so isl es klar, 
dass aucli die somalische Parthenogenesis wic die somalische Apogainie 
1= 'Apogametie'] mit einem Vorgting verbundcn sein jniis^^\ der den 
Kernen der (iani(doph\ieiiz<*lleii anslatt der fiir sie typischen haploiden 
die diploide (Lhroinosoinenzahl verleihl. Es sind zwei Modalität(*n 

deiikbar, durch die das erreiclif werden kann — . li)rslens hann 

sich die somatische Pfirthcnogcnesis mit Aposporie komhinieien \ d. h. 
also, es kann eine normale, also diploideliromosomige Sporophytenzelle 
iinmitlelbar znm (lametopliytcMi auswachsen. Zweitens nher kann der 
(Uimetophgi auf dem geinölinliehen Wege, aho aiis einer Spore hervor- 
gelien, wohei aher die sonst hei der Sporenbildiing stnttfindende Reduk- 
tionst eitung unterbteihty> \ 

WiNKLER verslelii also iinler Parlhenogenesis und Apogainie 
I ~ Apogameliel bei agamogonischer Enlwicklung niir die spälere 
Phase. l)as geht deiillicli aiis dem obigen Zitat und ans seiner ganzeii 
Arbeit liervor. (iUSTafsson (19.35) schreibt jedoch: >ln lliis work 
parllienogeTiesis is llius defiiied, in accordancc' willi Winkler and 
Rosenberg, as tlie jirocess by means of wliicli an azygoid (liaploid ) or 
a zygoid (diploid) egg-cell is produced and then develops without an v 
fusion of nuciei and cells In den Begriff Eizellbildung schliessl 
Gustafsson hier aucli die Bildung des (lametophyien aus dem Sporo- 
pliylen ein. Parthenogenesis wäre demnacli — eine Eorni der ganzeii 
agamogonisclien Enlwicklung. Dass er das aucli meint, geht aus den 
Darlegungen in seiner Abhandlung hervor. Gustafsson lässt also den 
Terniinus Parlhenogenesis das bezeichnen, wofiir Ernst (1918) prak- 
tisch den Ausdruck ovogene Ajiogamie verwendete (siehe oben). 
CjUSTafsson hat offtmbar an Winklers (ileichstelhing von Sporophyten- 
reprodukiion mit Bildung des Sporophyten aus einem (iametophyten 
Anstoss genommen. Er hal Winkler eine andere Definition in den 
Mund gelegl. Sein Verfahren stelll zwar eine L(*)sung dar, es bringt 
aber gleichzeilig Kollisionen mit anderen Begriffen mit sich und ist in 
der praklischen Anwendung sehr uiibecjuem. Die Erscheinung, die sich 
bei Ochna multiflorn (Francini, 1928) findet. Bildung unreduzicrler 
Einbryosäcke, aher nichl Bildung von Enihryonen aus diesen, wiirde 
bei dieser Terminologie als abgebrochene Parthenogenesis zu bezeich- 
nen sein. Nahezu unmöglich ist es, die Terminologie anzuwenden, 
wenn es sich um haploide Parlhenogenesis handelt. 


^ Voii mir kiirsiviert. 
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J^ieselbe Schwierigkeit wie (iusTAFSSON halte Edman (1931) Iriilier. 
Er wälille den entgegengesetzlen Weg, uni iiber sie hinwcgzukoninicn. 
Er wende! die Termini Parthenogenesis und Apoganielie in ihrer ein- 
geschränkten Bedeutung an, den Terininus Apomixis aber als einc 
KollektivlMV.eichnung lur die beiden vorgenannten Vorgänge (sehr 
logischl), also fiir Sporophytenbildung, nicht fiir Reproduktion ohne 
Befruchtung. 

Bei der againogonischen Aiitemiaria alpina bezeichncl JUEL (1900) 
die lunbryosackbildung als honiolog mil Aposporie. Der Terminus ist 
friiher vor alleni inbezug auf Farne angewandt worden, wo (iameto- 
pliylen direkt aus dem Soriia des Sporophyten, ohne Reduktionsteiliing, 
gebildel werden. Winkler (1908) will otfenbar den Terminus Apo- 
sporie inbezug auf die Angiospermen tur den dainals nur bei Hieracium 
von Rosenberg (1907) angelroffenen Fall reservieren, wo ein (lameto- 
phyt sich direkt aus einer rein somatischen Zelle in der Sarnenanlage, 
also niehl aus einer E.M.Z. enlwickell. (vHIARUGI (1920) verwendet den 
Ausdruck sowohl fiir den b^all, wo ein unreduzierter Embryosack aus 
einer Archesi)orzelie gebiidet wird ( Aposporia goneale >), als auch fiir 
den Fall der Enlstehung aus einer rein somatischen Zelle (»Aposporia 
sonialica ), ein VT‘rfahren, das Rosenbergs (1930) Billigimg findct. 
Wie dem niiii auch sei, so muvss doch der Terminus Aposporie fiir die 
fruhere PJiase der agamogonischen Enlwicklung, fiir die Bildung des 
(lanietojihyteii, reserviert bleiben. Iliergegen haben Ernst (1918) und 
(iusTAFSSON (1935) verstosseii. Dass Ernsts und (Ujstafssons Termi- 
nologien sehr impraktisch und daher zu verwerfen sind, gehl aus dem 
Resultat hervor, zii dem Ernst gelangt, wenn er wirklich die Begriffe 
zu definieren versucht (vgl. Edman, 1929). Man vergleiche Ernsts 
Tabelle (1918, nebeii S. 590); dort steht als IJnterriibrik zu >Fortpflan- 
zung und Vermehrung unter Ausschaltung des Befruchtungsprozesses» : 
»A/)ogu77H> “ Bildung von (iametophyten und Keimcii naeh somatisch 
durchgefiihrter Teilung der Sporen-(Enibryosack-)muilerzellen. Apo- 
sporie “ Bildung von (Jamelophyten unter Umgehung der Sporenhil- 
dung. Fortpflanzung der (Iametophyten durch ovogerie oder somatischc 
Apogamie». Das einzig Verniiiiftige ist, den Terminus Aposporie nur 
eine gewisse Form der (lametophylenbildung, bei Agamogonie nur der 
fruheren Phase in der Enlwicklung bezeichnen zu lassen. Verfährt man 
wie Gustafsson und Ernst und geht man dann unbekummert seinen 
Weg weiter, so gelangt man zu Bezeichnungen und Sälzen wie »par- 
Ihenogenetischc Meiosis», »parthenogenelische Prophase» und als Ge- 
gensatz zu diesen )sexuelle Meiosis», »sexuelle Prophase» und ähniiche 
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Ausdriickc, die in Gustafssons Arbeiten (vgl. z, B. Gustafsson, 1939 a) 
sehr häufig vorkommen. 

Fiir alle die Fälle, wo ein Gametophyt ohne Reduktion der Chro- 
inosomenzahl gebiidet wird, fuhrte Renner (1916) den Terminus Apo- 
meiosis ein. 

Bei agamogonischer Entwicklung ist also Apomeiosis die erste 
Phase. Einen Fall von Apomeiosis stellt Aposporie dar, wie ist nun aber 
der letzte Terminus abzugrenzen? Es ist im vorstehenden gezeigt 
worden, dass die Meinungen in dieser Beziehung auseinandergehen. 
Alle, die unler Aposporie nur eine Form von Gametophytenbildung ver- 
stehen, sind sich jedoch dariiber einig, dass der Terminus fiir die Fälle 
benutzt werden muss, wo man nicht von Sporen sprechen kann, d. h. 
wo der Embryosack und dessen Mutterzelle nur rein somatische Tei- 
lungen erfährt. Die Enischeidung liegt also bei der Frage, wann eine 
Teilung als somatisch aufzufassen ist und wann nicht. Wir wissen 
nun, dass Zwischenformen sich finden. Holmgren (1919) wies darauf 
hin, dass bei agamogonischen Erigeron-Arien bei der Embryosackbil- 
dung eine Äquationsteilung durchgefiihrt wird, dass aber die Chronio- 
somen dann die kontrahierte Gestalt haben, die die Meiosis kennzeichnel 
— die pseudohoniotypische Teilung (Gustafsson), der Erigeron-Typ 
(Bergman). Diese Teilung, zu deren Kenntnis Gustafsson fleissig bei- 
getragen hat, muss meines Erachtens als eine Zwischenform zwischen 
Meiosis und Mitose betrachtet werden. Wenigstens währcnd der Pollen- 
bildung werden bei Wikstroemia (Fagerlind, 1940) Zwischenformen 
beobachtet zwischen diesem Teilungstyp und einein Teilungstyp, der 
jedenfalls deni Äussern nach identisch mit einer Mitose ist — vgl. auch 
verschiedene Hieracium~Ar\en (Rosenberg, 1927; Gentscheff, 1937). 
Als solche stark fvollständig?) nach dem mitotischen Stadium hin ver- 
schobene Zwischentypen sind sicher die E.M.Z.-Teilungen aufzufassen, 
die von Gustafsson als Hienicium-Typ und von Bergman als Eupato- 
rium-Typ bezeiclinet worden sind. Eine Reihe Zwischenformen finden 
sich wahrscheinlich auch zwischen der pseudohomotypischen Teilung 
und der stark asyndetischen Meiosis, die wenigstens während der Pollen- 
bildung bei vielen Agamogonen gewöhnlich ist (vgl. z. B, Wikstroemia; 
Fagerlini), 1940). Schon diese Asyndese ist meihes Erachtens als ein 
Schritt auf dem Wege zur Somatisierung der Teilung aufzufassen (vgl. 
Fagerlind, 1940). Die Teilung, die zur Bildung eines Embryosacks 
bei den Agamogonen fiihrt, kann deranach verschiedene Lagen auf einer 
von 0 % bis zu 100 % laufenden Skala einnehmen, auf der der O-Punkt 
eine reine Meiosis und der 100-Piinkt eine reine Mitose bezeichnet. 
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Wenn die Teilung rein somatisch ist, kann man nichi von dem Vor- 
kommen von Sporen sprechen. Hier ist der Terminus Aposporie zur 
Bezeichnung der Gametophylcnbildung berechtigt. Diescr Fall ist ver- 
wirklicht, wenn der Gametophyt aus einer rein somatischen Zelle her- 
vorgegangen ist — Aposporia somalica (Chiarugi, 1926) — und wenn 
die Arcbesporzelle eine rein somatische Teilung durchgemacht hat. 
Fiir den letzteren Fall ist Chiarugis Terminus Aposporia goneale zu 
reservieren. Die beiden Ausdriicke sind von Rosenberg (19^30) mit 
somatische bzw. generative Aposporie iibersetzt worden. Die sornåti- 
sche und die generative Aposporie gehen ohne Grenze ineinander in den 
Fallen iiber, wo man nicht entscheiden kann, ob eine Zelle als Arche- 
sporzelle oder als somatische Zelle aufzufassen ist (besonders ist dies 
schwierig in den peripheren Teilen eines mehrzelligen Archespors). Bei 
gewissen Arten der Gattungen Elatostemn und Pellionia (eigene unver- 
öffentlichte Studien) lässt sich ebenfalls eine distinkte Grenze nicht 
ziehen. Hier ist nämlich eine Arcbesporzelle ofl iiberhaupt nicht aus- 
differenziert. Eine einzige somatische Zelle im Nucellus wächst zu 
cinem Embryosack aus, sie kann ja als homolog mit einer Archespor- 
zelle bctrachtet werden. Bei anderen Arten ist die Arcbesporzelle mehr 
oder weniger differenziert, sie entwickclt sich zu einem reduzierten oder 
unreduzierten Embryosack, oder sie degeneriert, wobei Embryosäcke 
von rein somatischen Zellen gebiidet werden. 

Edman (1931) vermutet, dass, wenn ein unreduzierter Elmbryosack 
aus einer E.M.Z. oder aus einer Dyadenzelle gebiidet wird, die Gamelo- 
phyleninitiale stels als eine unreduzierte Spore aufzufassen sei. WennRc- 
stitutionskerne bei der Pollenbildung die Bildung von unreduzierten Pol- 
len verursacht haben, spricht man fortgesetzt von Sporen. Dann miisse 
man auch von Sporen sprechen, wenn unreduzierte Derivate durch die 
Teilung des E.M.Z. -Kerns erhalten werden, meint er. Fiir den F^all: 
Gametophytenbildung aus einer E.M.Z. durch eine Teilung, die nicht 
Reduktion der Ghromosomenzahl bewirkt, fiihrt Edman den Terminus 
Diplosporie ein. Er bemerkt zu diesem Ausdruck, dass er eine Ver- 
bindung der Wörter »diploide Spore» darstellt. Der Terminus ist gut. 
Er ist aber — meine ich — nur fiir den Fall zu gebrauchen, wo die 
Teilung der E.M.Z. eine wirkliche Meiosis ist und die Ghromosomenzahl 
also durch Restitutionskernbildung bewahrt ist. Ich definiere also 
Diplosporie etwas änders als Edman (siehe unten). 

Die Frage ist nun die: Gibt es iiberhaupt — unter Beriicksichtigung 
der oben aufgestellten Forderungen — generative Aposporie und 
Diplosporie? Aus den obigen Darlegungen ist es klar, dass diese Ter- 
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mini fiir zwei extreme Erscheinungeii angewandt werden miissen, die 
durch eine ganze Kette von intermediären Typen verbunden sind. 
Theoretisch isl cs also unmöglich, eine Einteilung vorzunehmen. Icli 
schlagc daher einen Kompromiss dem Naclistehenden geniäss vor: 

Aposporie — Bildung eines unreduzicrten Gametophyteii aus einer 
Zelle, die eine relativ stark mitotisch betonte Teilnng erfährt. 

Diplosporie = Bildung eines unreduzierten Gametophglen aus einer 
Archesporzelle, die eine Teilung von relfdiv stark meiotischem Charak- 
ter erfährty welche zur Bildung eines Bestitiitionskerns fuhrt, 

Zwischen diesen beiden Typen gibt es nun iniermediäre Fälle. Ein 
markanter Fall dieser Art ist es, wenn die Teilung der E.M.Z. pseudo- 
homotypisch geivescn ist. Fur diesen Fall schlage ich den Terminus 
Semiaposporie vor. Die drei Fälle A])osporie, Semiaposporie und Diplo- 
sporie gehen ohne (irenze ineinaiider iiber, wie es auch die drei Teilungs- 
typen Milose, pseudoliomotypische Teilung und Meiosis tun. 

Iliermil ist der erste Teil der terminologischen Diskussion abge- 
sclilossen. Das Resultat ist eine Terminologie, die meines Erachtens 
den Anforderungen an Logik geiuigt, und mit der sicli praktisch ar- 
beiten Ulsst. Sie wird durch Tabelle 1 veranschaulichl. Die gestrichel- 
ten (irenzen geben an, dass die Abgrenzung diffus isl, dass Zwischen- 
typcn möglicherweise vorhanden sind. DieWirlängerung gewisser Kolum- 
nen iiber die eigentliche Tabelle hinaus gibt Fälle an, die weder als Agamo- 
spcrmie noch als das (iegenteil davon — (iamospermie — bezeichnet 
werden können. Diese Zwischenfornien belreffen die Fälle, in denen ein 
unrcduzierter Einbryosack befruclitel wird, oder in denen ein reduzier- 
ter Embryosack einen Sporopliyten ohne Befruchtung entwickelt. Ter- 
mini, die den Entwicklungszyklus hier hezedchnen, sind kauin vonnöten. 

In der Tabelle und im Text sind auch fur die Agamogonen die 
Termini Sporophyl und (lamelophyt verwendet worden. Möglicher- 
weise kann, da Sporen hier nicht iinnier gebildel werden, die Richtig- 
keit des Verfahrens diskutabel erscheinen. 

Diejenigen Fälle bei den Agamogonen, wo der (iametophyt aus 
einer Archesporzelle hervorgehl, sind fruher in folgender Weise ein- 
geteilt worden: Antennaria-Typ — die E.M.Z. entwickelt sich direkt 
zum Embryosack, Taraxacum-Typ — die E.M.Z. wird zu einer Zellen- 
dyadc, der Gametophyt entsteht aus einer der Tochterzellen, Alchemilla- 
Typ — die E.M.Z. wird zu einer Zellentetrade, der Gametophyt entsteht 
aus einer der Tochterzellen (vgl. Rosenberg, 1930). Der Alchemitla- 
Typ ist indessen auf Grund falscher Schlusse aufgestellt worden, er ist 
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also zu streichen (vgl. Rosenberg, 1930; Gustafsson, 1935; Liljefors, 
1934 xnid dort angefuhrte Literatur). 

Dass die Verschiedenheit der Chromosomenform bei den Äqua- 
^tionsteilungen, die während der semiaposporischen und der apospori- 
schen Entwicklung stattfinden, als Einteilungsgrund verwendet werden 
muss, wird von Bergman wie auch von Gustafsson betont. Bergman 
nennt den letzteren Entwicklungstyp Eupatorium-Typ, Gustafsson 
Hieracium-Typ. Beide Autoren erklären, dass eine Einteilung, die 
davon ausgeht, ob die E.M.Z. zwei Tochterzellen gebiidet hat oder aber 
ungeteilt geblieben ist, weniger berechtigt ist als eine Einteilung nach 
dem Kernteilungstyp. Dieser Ansichl muss man beistimmen. Es han- 
delt sich ja um etwas so Wesentliches wie die Teilung selbst, die zur 
Gametophytenbilduiig fiihrt. Die andere Einteilung grundet sich auf 
das Resultat der Teilung. Der erstere Einteilungstyp ist daher bei dem 
Schema in Tabelle 1 zur Verwendung gekommen. Was ich dort gene- 
rative Aposporie nenne, ist also identisch mit Bergmans Eupatorium- 
und Gustafssons Hieracium-Typ. 

Es fragt sich nun: Slehen Diplosporie, Semiaposporie und genera- 
tive Aposporie irgendwie in Zusammenhang mit Taraxacum-Typ und 
Antennaria-Typ? Bei den (iamospermen gibi es drei verschiedene 
Typen hinsichtlich der Derivate des E.M.Z.-Kerns: den Normaltyp — 
die vier Sporenkerne sind durch Wände geschieden; den bisporischen 
Typ — nur eine Wand ist vorhanden, 2 Sporenkerne sind im Embryo- 
sack enthalten; den letrasporischen Typ — Wände werden uberhaupt 
nicht gebiidet, 4 Sporenkerne sind im Embryosack enthalten (iiber diese 
Typen siehe des näheren Fagerlind, 1937 — 1939 c, und dort ange- 
fiihrte Literatur). Besteht ein Zusammenhang zwischen diesen Typen 
und dem Taraxaeum- bzw. Antennaria-Typ? 

Gustafsson (1935) versuchte die beiden Fragen zu beantworten. 
Sein Resultat war: »By means of this classification it has been shown 
that the division into Antennaria, Taraxaeum and Alchemilla schemes 
does not correspond to or is even analogous with the division inlo 
Lilium, Scilla and Normal types for sexual plants, that the wall form- 
ation on which this division is based does not correspond to the method 

of division in the E.M.C. ». Es besteht indessen sicher ein ge- 

wisser Zusammenhang, was sich klar ergibt, wenn man die Verhältnisse 
näher betrachtet, die in der nachstehenden Tabelle 2 uns entgegentreten. 

In die Tabelle sind nur Fälle aufgenommen worden, die als ziem- 
lich sicher angesehen werden können. Auch die unsicheren Fälle in 
die Diskussion einzubeziehen, wäre zwecklos. Die Angaben (sie stehen 
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im grossen ganzen in Cbereinstimmung mit (iusTAFSSONs Zusamnieii- 
stellung) sind teils dem Text der Originalarbeiten, teils den Illustrationen 
derselben entnommen, teils sind sie Resultate eigener unveröffentlichter 
Studien [Elatostema und PeUionia), 

Gustafsson wies darauf hin, dass, wenn die Teilung stark somati- 
schen Charakter gehabt hat, slets Antennaria-Typ die Folge ist. Dies er- 
gibt sicli auch aus der Sektion I in meiner Tabelle, wenn man von den 
Variationen absieht. Aus der Sektion II geht hervor, dass, wenn Resti- 
tutionskerne oder pseudohomotypische Teilung zur Entstehung des 
unreduzierten Gametophyten gefuhrt liaben, zumeist Taraxacum-Typ 
die Folge ist. Dagegen, dass dies eine generelle Regel is t, spricht die 
Sektion III der Tabelle. 

Diese dritte Sektion enthält Fälle, wo der Teilungstyp derselbe wie 
in Sektion II, das Resultat aber dasselbe wie in Sektion I gewesen ist. 
Die Erklärung liegt sehr nahe. Unter diescn Fallen befindet sich 
Erigeron Karwinskianus v. mucronatus. Bci dieser Art liegt Variation 
vor, reduzierle Embryosäcke können gebiidet werden (Carano, 1919, 
1921; vgl. Fagerlind, 1939 b). Diese Embryosäcke sind von tetraspori- 
schem Typ. Wenn eine solche Pflanze unreduzierte Embryosäcke aus- 
bildet, muss das Resultat unabhängig von dem Charakter der Teilung 
Antennaria-Typ sein. Inncrbalb der Gattung Erigeron sind Arten, die 
dem bi- und tetrasporischen Typ folgen, gewöhnlich. Dass E. annuus 
und ramosus dem Antennaria-Typ folgen, obwohl ilire Teilung nicht 
als stärker somatisiert bezeichnet werden kann, kann da nicht weiter 
erslaunlich erscheinen. Tahara (1921) zeigt, dass bei E. annuus tem- 
poräre Zellplattenbildung zwischen den Tochterkernen stattfindet. Es 
ist dies ein Zug, der oft fiir tetrasporische Embryosäcke charakleristisch 
ist. ( Temporär e Zellplatten können jedoch auch während Teilungen 
im Embryosack vorhanden scini) Ixeris dentata vcrhält sich wohl auf 
dieselbe Weise, die temporäre Membranbildung ist auch hier beobachtet 
worden. Die Gametophytogenese normaler Ixeris-Årien ist nicht be- 
kannt. Die nächsten Verwandten, die Lactuca-Avien, zeigcn Normaltyp. 
Da das Vorliegen bald von Normal-, bald von tetrasporischem oder bi- 
sporischem Typ bei einander sehr nahestehenden Arten nicht unge- 
wöhnlich ist (vgl. Fagerlind, 1938), braucht der Ixeris-FM nicht als 
gegen meine Schlussfolgerung sprechend angesehen zu werden. 

Die Fälle in der dritten Sektion der Tabelle wiirden also dem 
Antennaria-Schema folgen, obwohl die erste Teilung der E.M.Z. nicht 
somatisch gewesen ist, da ihre Entwicklung auf eine Weise geschehen 
ist analog derjenigen der bi- oder tetrasporischen und nicht der mono- 
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sporischen Schemata. Bei den Amphimikten erfolgt in der Regel (nicht 
immeri) Vakuolenbildung und kraftiges Wachstum des Gametophyten 
erst, nachdem vier Sporenkerne gebiidet worden sind, gleichgultig wel- 
cher Entwicklungsmodus vorgelegen hat (vgl. Fagerlind, 1937 — 1939). 
In den Fallen, die in der ersten Sektion der Tabelle 2 aufgefuhrt sind — 
Fälle mit generativer Aposporie — geschieht Vakuolenbildung schon in 
der E.M.Z. vor der somatischen Teilung, in den Fällen der zweiten 
Sektion — Fälle mit Semiaposporie — erst in der Dyadenzelle, also 
nach der ersten Teilung, aber vor der ersten somatischen Teilung. In 
diesen sämtlichen Fällen konnte die Entwicklung als analog dem Nor- 
maltyp verlaufend angesehen werden. Besässen dieselben Regeln Gel- 
tung, wenn die Entwicklung analog den bi- und den tetrasporischen 
Schemata verläuft, so wäre der Zeitpunkt der Bildung der Vakuolen- 
bildung von entscheidender Bedeutung fiir die Beurteilung der drei 
Fälle in der dritten Sektion der Tabelle 2. Die drei Sektionen in 
Tabelle 3 zeigen, wie die Entwicklungsphasen aufeinander folgcn 
mussen, wenn »Sporie», Diplosporie, Semiaposporie und Aposporie vor- 
liegen und die Entwicklung analog den monosporischen (Sektion I), 
den bisporischen (Sektion II) und den tetrasporischen Schemata (Sek- 
tion III) verläuft. 

Wenn die drei Fälle in der dritten Sektion der Tabelle 2 so zu 
erklären sind, wie ich oben geltend gemacht habe, mussen sie Fälle 
vom Antennaria-Typ repräsentieren, wo die Vakuolenbildung erst ein- 
trilt, wenn zwei Kerne in der »E.M.Z.» vorhanden sind. Sowohl Tahara 
als auch Holmgren sagen es im Text und zeigen es durch Abbildungen, 
dass die Phase der grossen Volumzunahme und die Vakuolenbildung 
bei Erigeron annuus bzw. ramosus erst eintreten, nachdem zwei Kerne 
gebiidet worden sind. Fur Ixeris geht dasselbe aus Okabes Illustratio- 
nen hervor. Garano gibt einige Bilder von Erigeron Karwinskianus, 
die ebenfalls in guter Ubereinstimmung mit dem zu Erwartenden ste- 
hen. Die komplizierten Verhältnisse hier machen indessen den Fall ein 
wcnig unsicher, aber eben hier liegt ja ein vollgultiger Beweis dafur 
vor, dass die EntwiclHung analog den tetrasporischen Schemata erfolgt. 
Die Richtigkeit meiner Ansichl von dem Zusammenhang zwischen Tara- 
xacum-Typ und Antennaria-Typ einerseits und Diplosporie und Semi- 
apiosporie bzw. Aposporie andererseits ist somit einwandfrei erwiesen. 

Aus Tabelle 2 ist ersichtlich, dass eine ganze Reihe Variationen bei 
ein und demselben Fall vorkommen. In mehreren der Variationen tritt 
dieselbe Ubereinstimmung zutage, auf die ich soeben hingewiesen habe. 
Es lässt sich demnach der Schluss ziehen: In den meisten Fållen i$t das 
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Vorliegen des Antennaria-Typs ein Kriterium dafur, dass die Teilang 
stark somatisiert gewesen ist — Aposporie, des Taraxacum-Tgps dafär, 
dass die Teilung weniger stark somatisiert — Semiaposporie, oder nur 
unbedeutend somatisiert gewesen ist — Diplosporie. Die Fålle, wo dies 
nicht stimmt, sind dadurch bedingt, dass die Gametophytogenese gleicb- 
zeitig einem Typ folgt, der dem Normaltyp nicht homolog ist. 

Gleichwie die Chromosomenform und die Bindung (vgl. Fageb- 
UND, 1940) als von dem Somatisierungsgrad der Teilung abhängig 
angesehen werden können, so ist also auch die Wandbildung abhängig 
von demselben. Sind die Ansichten richtig, so miissen in Sektion II 
und III (Tabelle 2) Variationen, die auf stärkere meiotische Tendenz 
deuten, gewöhnlicher sein als in Sektion I. Um diese Frage zu ent- 
scheiden, bedarf es eingehenderer Untersuchungen, als sie bisher vor- 
li^en. Ein Blick auf die Tabelle lehrt indessen, dass die Tendenz die 
oben vermutete ist. 

Die Tabelle zeigt, dass die meisten der Agamogonen nicht an einen 
bestimmten Gametophytogenese-Typ gebunden sind. Variationen kom- 
men vor. Die einzelnen Fälle unterscheiden sich offenbar hauptsäch- 
lich voneinander durch die verschiedene Lage, die der Maximumpunkt 
auf der Variationskurve einnimmt. Bei Elatostema und Pellionia spp., 
die ich eingehend untersucht habe (Resultate noch nicht veröffent- 
licht), ist das Maximum deutlich weit nach der somatischen Seite hin 
verschoben. Eine Variation gibt sich daher beim Studium dieser Arten 
iiberhaupt nicht zu erkennen — wenigstens nicht, solange nicht ein 
enorm grosses Material untersucht worden ist. Hierfiir spricht auch, 
dass bei nahestehenden Arten eine E.M.Z. oft nicht ausdifferenziert ist 
(hier hat die Somatisierung ihr Maximum erreicht). Die Angabe, dass 
bei Elatostema acuminata Variation vorkommt (Tbeub, 1906; Stbas- 
BUBGEB, 1910), beruht auf einem Irrtum. Dass dort viele Embryosack- 
initialen vorhanden sind, erklärt sich daraus, dass somatische Aposporie 
vorliegt (unveröffentlichte eigene Studien). Bei Antennaria und Hiera- 
cium ist das Maximum mehr nach der meiotischen Seite hin verschoben 
— die Variation wird reicher. Wenn schliesslich die Verschiebung in 
dieser Richtung weiter geht, musscn die Variationen wieder beginnen 
seltener zu werden. Einen solchen Fall biidet möglicherweise Balano- 
phora japonica. 

Nachdem die obige Arbeit niedergeschrieben war, hat Gustafsson 
(1939 b) eine neue Abhandlung veröffentlicht, in der die von mir er- 
örterten Terminologiefragen Gegenstand der Behandlung gewesen sind. 
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Gustafsson verwendet hier eine Terminologie, die teilweise von der 
fruher von ihm benutzten abweicht. Sie weist einige Ähnlichkeiten 
mit der von mir vorgeschlagenen auf. 

ZUSAMMENFASSUNG. 

1. Unter Apomixis (Winkler, 1908) versteht man Reproduktion, 
ohne dass Befruchtung und Kernphasenwechsel erfolgt sind. 

2. Unter Agamospermie (TXckholm, 1922) versteht man Repro- 
duktion mittelst Samen, ohne dass Befruchtung und Kernphasenwech- 
sel erfolgt sind. 

3. Fur den Spezialfall von Agamospermie, wo die Reproduktion 
des Sporophyten iiber einen unreduzierten (iametophyten hin geschieht, 
wird der Terminus Agamogonie eingefuhrt. 

4. Unter Parthenogenesis versteht man die Entwicklung der Ei- 
zelle zu einem neuen Individuum, ohne dass Befruchtung erfolgt ist, 
demnach nicht die ganze Entwicklungsreihe: Bildung eines unreduzier- 
ten Gametophyten aus einer Archesporzelle, Entwicklung des Gameto- 
phyten, Eizellbildung und weitere Entwicklung der Eizelle ohne Be- 
fruchtung. 

5. Unter Apomeiosis (Renner, 1916) versteht man die Bildung 
eines Gametophyten, ohne dass eine Reduktion der Chromosomenzahl 
stattgefunden hat. 

6. Unter Diplosporie versteht man den Spezialfall der Apomeiosis, 
wo die erste Teilung der Initialzelle zur Entstehung unreduzierter Deri- 
vate gefiihrt hat, die als Sporen angesehen werden können. Aus prak- 
tischen Grunden muss diese Forderung als erfullt angesehen werden, 
wenn die erste Teilung stark meiotischen Charakters ist. 

7. Unter Aposporie versteht man den Spezialfall von apomeioti- 
scher Makrogametophytenbildung, wo die erste Teilung der Mutterzelle 
stark mitotischen Charakters ist. Ist die Mutterzelle eine Archespor- 
zelle, so ist die Aposporie generativ; ist sie eine rein somatische Zelle, 
so ist die Aposporie somatisch. Die beiden Fälle generative und somati- 
sche Aposporie gehen ohne Grenze ineinander iiber. 

8. Fur den Fall apomeiotischer Makrogametophytenbildung, wo 
die erste Teilung der Mutterzelle ein Mittelding zwischen meiotischer 
und mitotischer Teilung darstellt, wird der Terminus Semiapospörie 
eingefuhrt. 

9. Die Erscheinungen Diplosporie, Semiaposporie und Aposporie 
gehen ohne Grenze ineinander iiber, eine ganze Kette von Zwischenfor- 
men sind vielleicht vorhanden. 
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10. Diejenigen Fälle, wo bei apomeiotischer Makrogametophyten- 
bildung die erste Teilung der Mutterzelle als eine mehr oder weniger 
asyndetische Meiosis, begleitet von Restitutionskernbildung, zu betrach- 

-ten ist, werden aus praktischen Grunden als Diplosporie auch dann 
rubriziert, wenn die Asyndese als Kriterium beginnender Somatisierung 
anzusehen ist. 

11. Wenn bei apomeiotischer Makrogametophytenbildung die 
erste Teilung der Mutterzelle eine pseudohomotypische Teilung ist, liegt 
Semiaposporie vor, da dieser Teilungstyp als eine Zwischenform von 
Meiosis und Mitose betrachtet wird. 

12. Wenn bei apomeiotischer Makrogametophytenbildung die 
Mutterzelle eine Archesporzelle ist und bei ihrer ersten Teilung die 
Chromosomen hochgradig somatische Form aufweisen (Eupatorium- 
Typ, Hieracium-Typ), liegt generative Aposporie vor. 

13. Wenn generative Aposporie vorliegt, folgt die Embryosackent- 
wicklung stets dem Antennaria-Typ. 

14. Wenn Diplosporie oder Semiaposporie vorliegt, folgt die Em- 
bryosackentwicklung, sofern sie auf eine dem Normaltyp homologe 
Weise geschieht, stets dem Taraxacum-Typ. 

15. Wenn Diplosporie oder Semiaposporie vorliegt, folgt die Em- 
bryosackentwicklung, sofern sie auf eine dem bisporischen oder dem 
tetrasporischen Typ homologe Weise geschieht, stets dem Anten- 
naria-Typ, 

Botanisches Institut der Universität Stockholm, im Juli 1939. 
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ZYTOLOGIE UND GAMETOPHYTENBIL- 
DUNG IN DER GATTUNG WKSTROEMIA 
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EINLEITUNG* 

W ÄHREND seines Aufenthalts im Botanischen Garten zu Buiten- 
zorg auf Java fiel es Hans Winkler (1904, 1906) auf, dass dort 
kultivierte Individuen von Wikstroemia indica trotz abnormen, in höhem 
Grade abortiven Pollens Friichte und Samen bildeten, die, wie es sich 
zeigte, auch Embryonen enthielten. Er vermutete, dass es sich um 
einen Fall von apomiktischer Samenbildung handelte, was ihm auch 
durch Kastrierversuche völlig bindend zu beweisen gelang. Bei der 
Pflanze kam es nur zur Bildung weniger Samen. Diese wurden in der 
Regel nur von den mehr basalen Bliiten der Bliitenstände erzeugt. 
Wenn in einem Blutenstand alle Bliiten mit Ausnahme einiger basalen 
friihzeitig beseitigt wurden, erhielt man unter im iibrigen normalen 
Verhältnissen eine Frucht- und Embryobildung von 39,i %, was be- 
deutend mehr ist, als wenn die erwähnte Operation nicht vorgenommen 
worden wäre. In auf dieselbe Weise behandelten Bliitens tanden, wo 
aber die Bliiten ausserdem kastriert worden waren — Winkler 
begnugte sich nicht damit, die Staubgefässe zu entfernen, er schnitt 
auch die Narben weg — war die Frucht- und Embryobildung 34,7 % . 
Die Differenz zwischen diesem Resultat und dem vorigen war also ver- 
hältnismässig unbedeutend und diirfte wohl dem gewaltsamen Eingriff 
in die Bliite zuzuschreijien sein, den die Kastrierung darstellte. In 
P.M.Z. bestimmte Winkler die Chromosomenzahl zu n = 26. Der 
Embryosack war seiner Meinung nach direkt aus der E.M.Z. gebiidet. 
Eine Synapsis im Kern der letzteren wurde nie beobachtet. Er zeigte, 
dass der Embryo sich aus der Eizelle entwickelte. Einen Fall von 
Nucellarembryonie glaubte er gefunden zu haben (Fig. 31 in Winklers 
Arbeit). 

Eine erneute Untersuchung von Wikstroemia indica — offenbar 
von demselben Klon, mit dem Winkler gearbeitet hatte — wurde von 
Strasburger (1909) ausgefiihrt, dem es gelang, Winklers Schilderung 
in einigen Punkten zu ergänzen. Die E.M.Z. teilte sich zuerst in zwei 
Zellen, von denen eine den Embryosack biidete. »Eine feste Scheide- 
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wand wird zwischen den beiden Zellen nicht ausgebildet, sie erscheinen 
vielmehr nur durch einen hellen Zwischenraum voneinander getrennt 
(Fig. 43, 44, 45, Taf. II), so dass leicht bei geneigter Lage dieser Tren- 
Qiingsfläche die Vorslellung eines einzigen, zweikernigen Protoplasten 
hcrvorgerufen werden kann». Triaden und Tetraden wurden in einigen 
wenigen Fällen von Strasburger beobachtet. Das Vorkommen von 
Dyaden war von Winkler nicht ubersehen worden, er hielt sie jedoch 
fiir Ausnahmeerscheinungen. Strasburger verwendete viel Arbeit auf 
den Versuch, zur Klarheit iiber die Prozesse zu kommen, die während 
der erslen Teilung in der E.M.Z. stattfanden. Synapsis und Diakinese 
kamen nie vor. In einigen Fällen (einem Falle?) zeigte die E.M.Z. in 
Prophase Chromosomen somatischen Aussehens (Fig. 38 b bei Stras- 
burger). Während der Meta- und der Anaphase traten Chromosomen 
in einer Anzahl auf, die sich dem Wert 26 näherte. Sie hatten ein Aus- 
sehen, das mit dem fiir Meiosis gewöhnlichen iibereinstimmte. Trotz- 
dem meinte Strasburger, dass die Teilung hier eine Äquationsteilung 
sei. In einer späteren Arbeit findet Strasburger (1910) eine variiercnde 
Anzahl somatischer Chromosomen (22 — 29). Sciner Ansicht nach stellt 
hier in den meisten Fällen jedes somatische Chromosom in Wirklichkeit 
zwei dar, die sich nicht voneinander geschieden haben. Den von 
Winkler vermeintlich beobachteten Fall von Nucellarembryonic will 
er nicht anerkennen. Einige nahverwandte Arten wurden als Vergleichs- 
objekte untersucht. Daphne Mezereum, D. alpina, Wikstroemia ca- 
nescens und Gnidia carinata hatten alle n=9 (Strasburger, 1909, 1910), 
Nichts wurde beobachtet, was auf anormale Reproduktion oder Gameto- 
phytenbildung bei diesen deutete. 

Um Wikstroemia einer erneuten Untersuchung zu unterziehen, 
sammelte icli während eines Aufenthalts in Buitenzorg ein reichliches 
Material von Wikstroemia indica ein, die suhspontan in grosser Menge 
dicht vor dem Garten vorkommt. Dieser Bestand stellt laut Angabe 
seitens der Ciartenleitung und auch im Herbarium in Buitenzorg die 
Nachkommenschaft der nun ausgestorbenen, fruher im Garten kulti- 
vierten Individuen dar, eben der Individuen, die von Winkler und 
Strasburger studiert worden sind. Es kann also' als sicher angesehen 
werden, dass mein Material und das :»klassische» von ein und dem- 
selben Klon herstammen. Die ursprunglichen Individuen sind laut An- 
gabe urspriinglich dem Garten in Buitenzorg von dem Botanischen 
Garten in Calcutta uberwiesen worden. Strasburger (1909, S. 87) ver- 
folgte ihre Herkunft weiter bis nach Srirampur in Bengalen. Wikstroe- 
mia indica ist eine polymorphe Art (Strasburger, Gilg — vgl. Stras- 
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BURGER, 1909, S. 85 und belspielsweise Koorders, 1911). Die in Buiten- 
zorg wachsende gehört dem Formenkreis viridiflora Meissn. an. 

Während seines letzten Bcsuchs auf Hawaii fixierte Professor Carl 
Skottsberg Exemplare einiger Wikstroemia- Arien, die er Professor 
Otto Rosenberg uberliess. Als letzterer erfuhr, dass icli mit einer 
Untersuchung von WikstroemUi indica beschäftigt sei, hatte er die 
Freundlichkeit, das SKOTTSBERGsche Material mir zur Verfiigung zu 
stellen. Die Cberweisung dieses Materials, durcb das ein sehr erwiinsch- 
tes Vergleichsmalerial erbalten wurde, ist von grosser Bedeiitung fiir 
meine Arbeit gewesen. 

Sämtlicbe Fixicrungen waren mit »Karpechenko» gescbeben, even- 
tuell mit Vorfixierung in (^arnoy oder abs. Alkohol. Von den indica- 
Fixierungen erwiesen sich leider inehrerc als völlig unbrauchbar. Ein 
geringerer 1'eil war dagegen in sehr gutem Zustand. Das Material ge- 
niigte zur Lösung einer Reihe von Fragcn. 

Unten wird die von mir (Fagerlind, 1940) vorgescblagene Ter- 
minologie benutzt. 

DIE SPOROGENESE BEI AMPHIMIKTISCHEN 
WIKSTROEMIA-ARTEN. 

Das bawaiische Material bestand aus fiinf verschicdenen Arten: 
W. philiyraefoUa A. Cray, piilcherrima Skottsb., Nr. 2726 (steht nach 
Skottsberg W, furcata (IIbd.) nahe). Nr. 2737 (ist nach Skottsberg 
wahrscheinlich W. uva iirsi A. Cray) und 16/8 — 38 (nach Skottsberg 
eine vielleichl cndemische Art von der Insel Kauai). Alle diese Arten 
erwiesen sich als diözisch. Männliche Bliiten waren erhalten worden 
von 2737, 16/8 — 38 und puleherrima, weibliche Bliiten von phillyrae- 
folia, 2726 und piilcherrima, 

Auch in den weiblichen Bluten werden Staubgefässe ausgebildet, 
in denen P.M.Z. sich herausdifferenzieren. Die letzteren machen eine 
normale Meiosis durch. Bevor die Tetraden sich aiifgelöst haben, de- 
generiert indessen die ganze »Tetradenmasse». Die Meiosis in den 
P.M.Z. verlief normal bei sämtlichen Arten des hawaiischen Materials. 
Bei 2726 und 2737 hat die Chromosomenzahl zu n — 9 bestimmt wer- 
den können. Die anderen drei Arten sind wohl auch diploid (n = 9?), 
die Zahl in somatischen Zellen, die in Teilung begriffen waren, kohnte 
bei ihnen allen als etwa 18 bestimmt werden. Die Pollenbildung folgt 
dem simultanen Schema. Eine temporäre Zellplatte fand sich jedoch 
stets gleich nach dem Abschluss der ersten Teilung. Pollenkörner mit 
zwei und ältere mit drei Kernen sind beobachtet worden. 



26 


FOLKE FAGEBUND 


In den weiblichen Bliiten waren Stempel und Samenanlagen in der 
Weise aufgebaut, wie Wineler und Strasburger es gescbildert haben. 
Das primäre Archespor biidet Deckzelie und E.M.Z. Die erstere sowie 
,die Nucellusepidermis teilen sich, wodurch die Nucellusmasse zunimmt. 
Die E.M.Z. ist in der Regel in Einzahl vorhanden, vereinzelt können 
zwei solche beobachtet werden (Fig. 6 — 7). E.M.Z. mit dem Kern in 
Synapsis werden oft angetroffen. Das Resultat der Meiosis ist eine 
Zellentetrade, oft ausgebildet zu einer T-Tetrade (Fig. 8). Die Basal- 
zelle biidet in der Regel den Embryosack (Fig. 9). In dem reifen 



Fig. 1 — 4. Rudimentäre Stempel von männlichen Bliiten verschiedcner amphimikti* 
scher Wikstroemia-Avien, — Fig. 5. Normaler Stcmpel bei Wikstroemia viridiflora. 


8-kernigen Embryosack degenerieren bald die kleinen Antipoden. Die 
Polkerne verschmelzen nahe der Basis des Embryosacks. Eine Synergide 
wird oft in degenerativem Zustand beobachtet, eine Erscheinung, der 
man ja stets begegnet, gleich nachdem der Pollenschlauch eingedrungen 
ist. Die hawaiischen WUcstroemia-Arlen, von denen weibliche Bliiten 
mir zur Verfiigung gestanden haben, sind demnach sicher Amphi- 
mikten. 

Wie die weiblichen Bliiten Staubgefässe enthalten, in denen doch 
keine funktionierenden Sporen gebiidet werden, so enthalten die männ- 
lichen Bluten mehr oder minder abnorme Stempel. Diese sind bei 
phillgraefoUa sehr reduziert (Fig. 1). Bei 16/8 — 38 sind sie äusserlich 
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ziemlich normal entwickelt (Fig. 4). Die Samenanlage ist jedoch nur 
mit einem Integument versehen (2 sind das Normale), mit einem Inte- 
gument, das nicht einmal vollständig den Nucellus umhiillt und eines 
Archespors völlig entbehrt. Bei pulcherrima findet man meistens die 
eigentumlichen Stempel, die in Fig. 2 und 3 wiedergegeben sind. In 
Fig. 2 ist eine Samenanlage kaum ausgebildet, in Fig. 3 biidet sie eine 



Fig. 6 — 9. Amphimiktische Wikstroemia- Arien. ~~ 6. Einzelliges Archespor. — 7. Zwei- 
zelliges Archespor. — 8. Tetrade. — 9. Zweikerniger Embryosack. — Fig. 10 — 11. Wik- 
stroemia viridiflora, — 10. E.M.Z. mil Kern in Ruhe. — 11. E.M.Z. mit Kerii in 

Synapsis. 

direkte Fortsetzung der Zentralachse des Stempels, ragl aus der Spitze 
des Stempels heraus. Wenn sie atrop und mit einem symmetrisch aus- 
gebildeten Integument versehen ist, erhält man den Eindruck, dass die 
Bliitenachse verlängert und mit zwei Kränzen aus zusammengewachse- 
nen Blättern versehen ist. Diese eigentumlichen Stempel werden zu- 
weilen auch bei den weiblichen Bluten anderer Wikstroemia- kxien 
.angetroffen. Mehrere Fälle von eigentiimlich ausgebildeten Stempeln 
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bei männlichen Individuen gewisser Wikstroemia- Arten werden von 
Skottsberg (1936) abgebildet. 

DIE MIKROSPOROGENESE BEI EINEM APOMIKTISCHEN 
KLON VON WIKSTROEMIA INDICA* 

Angaben iiber die Entwicklung des männlichen Archespors und 
des Tapet umgewebes bei Wikstroemia indica finden sich bei Winkler, 
weshalb von einer Schilderung derselben hier abgesehen werden kann. 
Während die P.M.Z. sich in Prophase belinden, erfolgt oft Cytomixis. 
Zuweilen wird eine wirkliche Verschmelzung von P.M.Z. und ihren 
Kernen beobachtet. Die Prophase hat in verschiedenen Kernen ver- 
schiedenes Aussehen, was dann naturlich auf das der späteren Phasen 
einwirkt. Die Einzelheiten im Verlauf der Prophase haben leider nicht 
studiert werden können, da die Beschaffenheit des Materials derart ist, 
dass distinkte Bilder davon nicht erhallen werden können. Einige 
P.M.Z.-Kerne erinnern sehr an somatische. Diesc werden unten ein- 
gehender behandelt werden. Diejenigen P.M.Z.-Kerne, die, dem Aus- 
sehen nach zu urteilen, die friihcren meiotisclien Prophasestadien durch- 
gemacht haben, gehen allmählich in Diakinese iiber. Die Diakinese- 
kerne sind hier von recht verschiedenem Aussehen, sie sind jedoch stets 
durch hochgradige Asyndese gekennzeichnet. In nicht wenigen Fallen 
sind Gemini in wechselnder Anzahl, zwischen 9 und 1, zu beobachten 
(Fig. 12 und 13). Die Univalente variieren in diesen Fallen zwischen 
9 und 25. Der studierte Wikstroemia indica- {i}iridiflora-)K\on ist also 
triploid (vgl. die oben behandelten Wikstroemia-Arien) . Die Pollenbil- 
dung in diesen Fällen stimmt demnach mit dem uberein, was Rosenberg 
(1917, 1927) in seinen bedeutungsvollen //leraczum-Untersuchungen als 
boreale-Typ bezeichnete. In anderen Fällen, die ebenfalls gewöhnlich 
sind, ist die Asyndese vollständig, es treten 27 Univalente auf. Dieser 
Fall entspricht innerhalb der //icracium-Literatur dem laevigatum-Typ. 
Sind Gemini vorhanden, so werden diese in eineii Äquator eingeordnet. 
In einem Falle ist in einem solchen Äquator eine Bildung angetroffen 
worden, die als ein Trivalent gedeutet werden kann (Fig. 13). Mög- 
licherweise handelt es sich um ein Bivalent, mit dem ein Univalent in 
Kontakt gebracht worden ist. Die Univalente liegen zerstreut in der 
Spindel (Fig. 13 — 14), die Teilung ist also ihrem Charakter nach semi- 
heterotypisch (Rosenberg, 1927). Die Gemini teilen sich, und die Uni- 
valente verteilen sich nach dem Zufallsgesetz. Nicht wenige Univalente 
ordnen sich jedoch bisweilen in den Äquator ein (Fig. 16). Diese und 
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auch andere, zufällig zentraler gelegene Univnlente zeigen oft eine Nei- 
gung zu beginnendcr Teilung (Fig. 18), die bisweilen auch durchgefuhrt 



Fig. 12 — 22. Wikstroemia viridiflora — »normale Meiosis» in der P.M.Z. — 12. Dia- 
kinesc mit Sn + 21i. — 13. Mctaphase I mit Im (?) + 4» + 16,. — 14. Semihetcro- 
typische Teilung nur mit Univalcnten (Teil eines Kerns). — 15, Teil eines solchcn 
Kerns mit stärker »sekundärer Assoziation». — 16. Teilung I, mehrere Univaleiite 
sind in den Äquator eingewandert. — 17. Alle Univalente bis auf einen sind in den 
Aquator eingewandert. — 18. Anaphase I mit Nachziiglern, die Teilungstendenz zeigen. 
— 19. Metaphase II mit 13, + 2 J. — 20. Metaphasc II nach Restitutionskernbildung mit 
26, -f 2J. — 21. Anaphase II mit starker »sekundärer As.soziation». — 22. Anaphase II 

mit Nachziiglern. 

wird. Im letzteren Falle werden also Hemiunivalente erzeugt. Sie sind 
deutlich an ihrer geringen Grösse zu erkennen (Fig. 19 — 20). Selten 
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geschieht es, dass sämtliche Univalente in einen Äquator eingeordnet 
sind (vgl. Fig. 17). Die folgende Teilung geschieht in solchem Falle 
natiirlich äquational. Dieser Teilungstyp ist identisch mit dem, was 
Gustafsson (1934 und später) pseudohomotypische Teilung genannt 
hat. In vielen Fallen, wo die Teilung in dieser Weise verlaufen ist, 
haben die Chromosomen in geringerem Grade die kontrahierte Gestalt, 
die fur die Meiosis charakteristisch ist. Hieruber mehr unten. 

Während der Anaphase der ersten Teilung entstehen meistens zwei 
Chromosomengruppen, eine an jedem der beiden Pole, und zwischen 
ihnen finden sich ungeteilte oder unvollständig geteilte Nachziigler. In 
der Regel diirften die letzteren sich jedoch noch in die betreffenden Pol- 
gruppen einordnen, bevor die Kernmembranen gebiidet werden. In 
anderen Fällen werden Restitutionskerne oder zwischen den »legitimen» 
Dyadenkernen Mikrokerne gebiidet. Während der Interkinese ist nicht 
selten eine Membranbildung im Phragmoblasten zu beobachten. Sie 
scheint sehr temporärer Natur zu sein, und nie kommt es zu einer wirk- 
lichen Wandbildung. Metaphase II zeigt infolge der fruheren Unregel- 
mässigkeiten verschiedene Chromosomenzahlen. Ausser Chromosomen 
von »normaler» Grösse bemerkt man einige »Kleinchromosomen», 
sicherlich identisch mit den Hemiunivalenten (Fig. 19). Während der 
Anaphase II sieht man gleichfalls Nachziigler, die klein sind und als 
mit den Hemiunivalenten identisch betrachtet werden können (Fig. 22). 
Wenn ein Restitutionskern durch die erste Teilung zustande gekommen 
ist, kommt während der zweiten nur eine einzige grosse Chromosomen- 
gruppe vor, die sich dann teilt (Fig. 20). In dieser können auch of t die 
Hemiunivalente beobachtet werden. Die Anzahl Chromosomenkörper 
in einer derartigen unreduzierten Chromosomenplatte kann* daher 
grösser als 27 sein. Rechnet man jeden der kleinen Körper als ein 
halbes Chromosom, so erhält man jedoch ein ubereinstimmendes Resul- 
tat. In Fig. 20 finden sich so 2 »Kleinchromosomen» und 26 Chromo- 
somen von gewöhnlicher Grösse. 

War die Entwicklung in der Weise gegangen, wie oben geschildert 
worden, so hatten die Univalente während der Diakinese stark kontra- 
hierte Form, sie ähnelten Kugeln oder Wiirfeln. Diakinesen — wenn 
nun weiter diese Bezeichnung angewandt werden darf — anderen Aus- 
sehens werden aber bisweilen angetroffen. Bald haben die Chromosomen 
ovale Gestalt, bald haben sie die Form kurder, dicker, an der Mitte gebo- 
gener Stäbchen (Fig. 25), bald sind sie stark in die Länge gezogen (Fig. 
26). Im letzteren Falle unterscheiden sie sich nicht von dem Aus- 
sehen, das den Chromosomen während der Prophasen zu den Tei- 
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lungen zukommt', welche im somatischen Gewebe zu beobachten sind. 
Ein Gegenstiick hierzu bei Hieracium biidet der pseudoillyricum-Typ 



Fig. 23 — 33. Wikstroemia viridiflora — »somatisicrte Teilungeii» iii der P.M.Z. — 
23. Prophase mit Prochromosomen (?). — 24. Desgl., etwas älteres Stadium. — 
25. »Diakinese» nur mit Univalenten von »schwach somatisierter Form». — 26. »Dia- 
kinese» nur mit Univalenten von »stark somatisierter Form». — 27. »Schwach soma- 
tisierte Univalente» ordnen sich in den Äquator ein. — 28. »Stark somatisierte Uni- 
valente» ordnen sich in den Äquator ein. (Die Kerne in Fig. 27 und 28 stammen aus 
in demselben Fach nebeneinander iiegenden P.M.Z.) — 29 — 30. Die »Univalente von 
schwach somatisierter Form» sind sämtlich oder zum grössten Teil in den Äquator 
eingewandert. — 31 — 32. »Univalente von schwach und mittelstark somatisierter 
Form» haben »pseudohomotypische Metaphase» gebiidet. — 33. Stark somatisierte 
Chromosomen während Anaphase I. 

(Rosenberg, 1927 ). Im erstgenannten Falle kommt dann bisweilen eine 
semiheterotypisch betorate Teilung zustande. Während dieser ist jedoch 
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die Tendenz zur Einverleibung von Univalenten in den Äquator stärker 
(Fig. 29 — 30) als während des »normalen», oben geschilderten Ver- 
laufs. In vielen Fällen ordnen sich auch sämtliche Chromosomen zu 
.einer völlig regelmässigen Äquatorialplatte an. Das Resultat ist dann 
die pseudohomotypische Teilung oder besser gesagt, wenn man sich an 
die Chromosomenlänge hält, eine Zwischenform zwischen diesem 
Teilungstyp und einem somatischen. Waren die Chromosomen nach 
Alternative II ausgebildet, so war dieser Teilungstyp noch gewöhnlicher 
und zwar der alleinherrschende, wenn die Chromosomen somatische 
Gestalt hatten. Aus dem Angefiihrten geht hervor, dass die Kerne in 
den P.M.Z., wenn man sich an die Chromosomenform hält, »somati- 
siert» werden können. Alle Cbergänge zwischen der Bildung von Uni- 
valenten »meiotischen» und solchen »mitotischen» Aussehens sind dem- 
nach vorhanden. Wenn die mitotische Form sich etwas geltend gemacht 
hat, fehlen stets Gemini. Wie die Kerne, die sich auf die soeben be- 
schriebene Weise verhalten, späler sich entwickeln, ist mir unbekannt. 
Die Kerne, die sich in der Richtung auf »Soniatisierung» hin entwickelt 
haben, zeigen keinerlei Verzögerung in ihrer Entwicklung. Ein Parallel- 
fall zu dem eben geschilderten, wo die P.M.Z. bei ein und derselben 
Art sich sowohl nach dem borenle- als auch nach dem laevigatum- und 
dem pseudoillyrieum-Typ entwickeln können, ist von Gentscheff 
(1937) bei Hieracium vulgatum nachgewicsen worden. Schon Rosen- 
berg zeigte iibrigens, dass mehr als einer der drei Entwicklungstypen 
bei ein und derselben Art angetroffen werden können. 

Wie oben erwähnt, bieten einige P.M.Z. während der Prophase ein 
Aussehen dar, das nicht auf beginnende Meiosis deutet. Vermutlich 
sind es diese Fä lie, bei denen es zu den in ausgesprochenem Grade 
»somatisierten» Teilungen kommt. Statt der zu erwartenden meioti- 
schen Prophasen haben die Kerne in einigen Fällen das Aussehen, das 
durch Fig. 23 — 24 veranschaulicht wird. In dem Kern finden sich hier 
ausser dem Nukleolus kleinere oder grössere distinkte Punkte. Ihre 
Anzahl ist 27. Sie sind wohl als Prochromosomen aufzufassen, als 
Chromozentren, um die herum die Chromosomen später »aufgebaut» 
werden (vgl. Rosenberg, 1909 b; Doutreligne, 1933). In einem 
Pollenfach sind in einer Reihe liegende Kerne in den Stadien beobachtet 
worden, die durch Fig. 23, 24 und 25 veranschaulicht werden; es zeigt 
dies, dass sie Phasen einer und derselben Entwicklungskette darstellen. 

Eine ganze Reihe P.M.Z. scheinen uberhaupt keine Teilungen 
durchzumachen. Sie nehmen dann oft ein Aussehen an, identisch mit 
dem der Tapetumzellen. Auf diese Weise werden die Pollenfächer oft 
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regelmässig in Kammern abgeteilt. Nicht selten schwellen diese 
»ruhenden» P.M.Z. abnorm an, eine Erscheinung, die bisweilen auch 
bei den Zellen des Tapetumgewebes zu finden ist. 

Der »reife» Pollen bleibt stets cinkernig. Er ist von sehr ver- 
schiedener Grösse und Form. Dass er letal ist, diirfte aus Winklers 
Keimversuchen hervorgehen. Winkler, der eine Menge frischer Pollen- 
fächer auf ihren Inhalt analysiert hat, gibt an, dass in ganz vereinzelten 
Fallen ein Fach mit gleichförmigem Pollen vitalen Aussehens angefullt 
sein kann. Einen solchen Fall habe ich nicht zu entdecken vermocht. 

Während der meiotischen Teilungen wird oft sog. sekundäre 
Åssoziation beobachtet. Die Assoziationskomplexe bestehen zumeist aus 
2 Chromosomen (Fig. 14, 15, 19, 20, 21). Dreiergruppen sind nicht 
gewöhnlich. Grössere Gruppen, die jedoch mehr den Eindruck von 
»Zusammenballung» machen, kommen zuweilen vor. Assoziationen 
kommen auch zwischen den Univalenten vor, die in der Spindel zerstreut 
liegen (Fig. 14, 15). Wären die Assoziationen ein Kriterium fiir Homo- 
logie, so miissten Dreiergruppen gewöhnlich sein. Dies ist jedoch nicht 
der Fall. Dass die Assoziationen in der scmiheterotypischen Spindel als 
Pseudogemini zu betrachten sind, in dem Sinne, wie Gustafsson diesen 
Ausdruck anwendel, und dass die Assoziationen wirklich ein Homologie- 
krilcrium darstellen, möchte ich andauernd bezweifeln (vgl. Fagerlind, 
1937). 

Bei Galium beschrieb ich (Fagerlind, 1937) Fälle, wo während 
der Anaphase, cben wenn die Chromosomenmassen die betreffenden 
Pole erreicht hatten, die Åssoziation nicht dieselbe in korrespondieren- 
den Platten war. Ähnliche Fälle können auch hier beobachtet werden; 
Fig. 21 ist ein solcher. 

DIE »MAKROSPOROGENESE» BEI EINEM APOMIKTISCHEN 
KLON VON WIKSTROEMIA INDICA* 

Im Nucellus teilt sich die primäre Archesporzelle in Deckzelle und 
E.M.Z., wie Winkler dies beschrieben hat. Die Deckzelle nebst Epi- 
dermis teilt sich mehrmals, wodurch die Nucellusmasse zunimmt 
(Fig. 10, 11). Bisweilen können zwei E.M.Z. in demselben Nucellus 
angetroffen werden (Fig. 34, 36). Meistens werden von der E.M.Z nur 
zwei Zellen gebiidet (Fig. 35 — 37, 39, 40). Seltener ist Tetradenbildung 
(Fig. 38). Der Verlauf bei der Megagametophytenbildung stimmt also 
im grossen ganzen mit den von Strasburger gelieferten Angaben iiber- 
ein. Die Zellen sind indessen voneinander durch wirkliche Wände 
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geschieden, nicht nur durch einen »hellen Zwischenraum». Die gebil- 
deten Zellen liegen zuweilen direkt libereinander. Oft sind sie ctwas 



Fig. 34 — 42, Wikstroemia viridiflora. — 34. Zweizclliges Archespor, eine E.M.Z. mit 
Kern in Synapsis, die andere mit Ruhekcrn. — 35. Dyade. — 36, Dyade und un- 
geteilte E.M.Z. mit Kern in Ruhc. — 37. Dyade mit den Tochterzellen in Seitenlage. 
— 38. Tetrade. — 39 — 40. Junge Embryosackc, gebiidet nach dem Taraxacum^ 
Schema. — 41. Degenerierte Tetrade (?) und junger Embryosack, gebiidet nach dem 
AnfcjinariVSchema (?). — 42, Junger Embryosack, gebildet nach dem Antennaria- 

Schema (?). 
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verschoben im Verhältnis zueinander. Liegt dann die Schnittebene in 
bestimmtcr Weise, so ist es schwer, die Wände zu sehen. Hierin liegt 
wohl dic Erklärung zu Strasburgers irrtumlicher Angabe. Sehr selten 
liegen die Tochterzellen nebeneinander (Fig. 37), ein Fall, der auch von 
Strasburger beobachtet worden ist. Dass es sich hierbei niclit um zwei 
nebeneinander licgende E.M.Z. handelt, geht völlig deutlich aus dem 
Aussehen der Kerne iind des Plasmas hervor. Die beiden Zellen in der 
Dyade zeigen Entwicklungstendenz. Beide können vakuolisiert werden. 
In der Regel verdrängt jedoch die untere die obere, dic sogleich de- 
generiert (Fig. 39). In vercinzelten Fallen kann der Vcrlauf der gerade 
entgegengesetzte sein (Fig. 40). Einige Male habe ich den Eindruck 
gebabt, dass die Bildung eines Embryosacks direkt aus eincr E.M.Z. 
erfolgte, ohne dass diese sich zuerst geteilt hatte (Fig. 41 — 42). E.M.Z. 
mil Ruhckcrncn haben nämlich beginnende Vakuolisicrung aufgewiescn. 
In späteren Stadien zu entscheiden, ob der Embryosack aus einer 
Dyadenzelle oder aus einer ungeteiltcn E.M.Z. hervorgegangen ist, stellt 
sich schwicrig, da mehrcrc somatische Zellen im Nucellus gleichzeitig 
mil der eventuellen Schwesterzelle degenerieren und verdrängt werden. 
Es ist daher uiimöglich, eincn Anhaltspunkt durch Beslimmung der 
Anzahl degenerierter Zellrcste um die Basis oder Spitze des jimgen 
Embryosacks herum zu erhallen. 

Bei dem studierten agamogonischen Klon von Wikstroemici uiridi- 
flora folgl also die Embryosackbildung hauptsächlich dem sog. 
Taraxaciim^Schcm a . 

Leider ist das Material so gcring gewesen, dass E.M.Z, in Teilung 
nur einige wenige Male haben beobachtet werden können. IJntersucht 
man Nucelli,. die, dem Aussehen nach zu urteilen, sich in dem Stadium 
befinden, wo der E.M.Z. -Kern bei den sexuellen Wikstroenda-Aricn in 
Syiiapsis begriffen ist, so trifft man nur ruhcnde E.M.Z. -Kerne an. 
Später können jedoch Kerne in Synapsis angetroffen werden, aber nur 
selten (Fig. 11, 34). Zwei Fälle von Diakinese sind beobachtet worden. 
Beide zeigen Asyndese, aber auch Bindung. Fig. 43 zeigt vermutlich 
sogar ein Trivalent. Fig. 45 zeigt eine Metaphase I, wo die Ehromo- 
somen univalent und von meiotischer Form sind. Die meisten sind in 
den Äquator eingeordnet worden, nur zwei befinden sich ausserhalb 
desselben. In Fig. 46, die den zweiten angetroffenen Fall von Meta- 
phase I wiedergibt, sind sämtliche Univalente in den Äquator einge- 
ordnel. Sie haben meiotische Gestalt. Die Teilung ist offenbar pseudo- 
homotypisch. Die Embryosackbildung kann also durch Semiaposporie 
erfolgen. Fig. 47 zeigt, dass während der Anaphase I Nachziigler vor- 
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kommen können. In einigen Fållen, wo der Kern sich in Synapsis 
befunden hat, hat eine Weiterentwicklung offenbar nicht geschehen 
können. Der E.M.Z.-Kern hat lange dieses sein Aussehen beibehalten. - 
Die Zelle und der Kern degenerieren ohne weitere Veränderungen. Die 
Niicelli bleiben in solchen Fållen steril. 

Viele Fålle finden sich, wo die E.M.Z., trotzdem ein spåtes Stadium 
vorliegt (Fig. 10, 34, 36), nie Synapsisaussehen zeigt, sondern in Ruhe 



Fig. 43 — 47. Wiksiroemia viridiflora — die crste Teilung des E-.M.Z.-Kerns. — 

43. Uiakincse mit Trivalent (?), Geminus und Univalenten (Kernfragmenlen). • — 

44. Desgl. mit Gemini und Univalenten. — 45. Metaphase I nur mit Univalenten, von 
donen alle bis auf zwei in den Aqualor eingewandert sind. — 46. Pseudohomotypische 

Metaphase. — 47. Anaphase I mit Nachzuglern. 

bleibt. Es muss dies teilweise darauf beruhen, dass das Synapsisstadium 
sehr rasch vorubergeht. Dies ist auch wohl die Ursache, weshalb 
WiNKLER und Strasrurger die Existenz desselben verneint haben. 
Eine andere Ursache ist der Umstand, dass in vielen Fållen der Kern 
uberhaupt nicht in Mnosis eintritt. Dann degeneriert meistens die Zelle 
allmåhlich — oft spåt — ohne dass der Kern seine Natur geåndert hat. 
Nur in sehr wenigen Fållen durfte eine somatische Teilung durchge- 
fuhrt werden. Strasrurger beobachtete Fålle, mit dem E.M.Z.-Kern in 
Prophase, wo die Chromosomen von somatischem Aussehen waren, Die 
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Abbildung, die er gibt, erscheint mir jedoch nicht völlig iiberzeugend. 
Die nicht absolut sicheren Fälle, die ich beobachtet habe, wo aus der 
E.M.Z. ohne vorhergehende Teilung ein Embryosack entsteht, sind viel- 
leicht durch solche somatische Teilungen bedingt — Antennaria-Tyj^, 
Bei Chondrilla juncea, die gleich den apomiktischen Wikstroemia-Typen 
in der Regel dem Taraxacum-SchemsL folgt, hat Rosenberg (1912) 
nicht selten »abweichende Fälle» beobachtet. Dort waren die Chromo- 
somen gestreckt, von somatischeni Aussehen — Rosenbergs Abbildung 
nach zu urteilen. Die Teilung war indessen so spät eingetreten, dass 






Anzahl Fälle mit 




Eutwicklungsstufe 

E.M.Z. vital, ihr Kern in Ruhe 

E.M.Z. degeneriert, ihr Kern in Ruhe 

E.M.Z, vital, ihr Kern in Synapsis 

E.M.Z. degeneriert, ihr Kern in Sy- 
napsis oder auf aiidere Weise meioti- 
scheii Charaktcr aufweisend 

Zellentetraden 



Zellendyaden 

l-kerniger Embrjosack gebiidet aus 
Dyadenzelle 

l-kerniger Embryosack gebiidet aus 
ungeteilter E. M. Z. 

E. M. Z.-Derivat degeneriert, nähere 
Ångaben köiinen nicht geliefert werden 

I 

27 









II 

20 

1 

8 



11 




III 

7 

3 

2 

2 

2 

10 

21 

2-4-3? 

2 


Vakuolen bcreits in der E.M.Z. gebiidet waren. Die letztere ist dem- 
nach nun als ein jungcr Embryosack anzusehen. Vermutlich war hier 
das Resultat Entwicklung nach dem Antennaria-Typ, ein Fall analog 
den möglicherweise bei den apomiktischen Wikstroemia-Typen bis- 
weilen vorkommenden. 

Uber das Aussehen der E.M.Z. oder ihrer Derivate ist die oben- 
stehende Tabelle zusammengestellt worden. Mit I — III werden ver- 
schiedene Stufen der Entwicklung bezeichnet. Während I haben die 
Integumente noch nicht die Nucellusspitze erreicht, die P.M.Z. befinden 
sich in Ruhe oder in Prophase. Während II haben die Integumente 
die Nucellusspitze erreicht, die Mikrosporogenese ist im Gange. III ist 
ein elwas späteres Stadium, die Mikrosporentetraden stehen im Begriff 
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sich aufzulösen oder haben sich soeben auf gelöst, Die sexucllen Wik- 
stroemia-Arien zeigten Synapsis in der E.M.Z. schon in dem Stadium, 
das hier mit I bezeichnet worden ist. 

Die erste Teiliing der E.M.Z. trifft also bei der apomiktischen viridi- 
flora später ein ah bei den amphimiktischen Wikstroemia- Arten. Dies 
geht auch olme weiteres aus einem Vergleich von Fig. 10 und 11 mit 
Fig, 6 — 8 hervor. Bei den letzteren hat in dem Stadium, das dem 
Stadium II in der Tabelle entspricht, bereits Teilung II stattgefunden, 
und in dem Stadium, das dem Stadium III entspricht, kommt Vakuole 
vor und ist demnach die Embryosackbildung eingeleitet worden. 

Der reife Embryosack hat dasselbe Aussehen wie bei den sexuellen 
Wikstroemia- Arten. Eine relativ friilie Degeneration der einen Synergide 
ist nicht beobachtet worden, was darauf deutet, dass ein Pollenschlauch 
nicht eingedrungen ist. Der Embryo wird aus der Eizelle gebiidet. 
Nucellarembryonie ist nicht beobachtet worden. Strasburgers Ableh- 
nung des einzigen von Winkler vermeintlich angetroffenen Falles von 
Nucellarembryonie halte ich fur wohlmotiviert. 

DISKUSSION* 

Die hawaiischen Wikstroemia- Arten, die ich studiert habe, hatten 
alle sicher oder wahrscheinlich die Chromosomenzahl n == 9, eine Zahl, 
die schon fiir mehrere andere Thymeleaceen bekannt ist (siehe unlen). 
Die Zahl bei W. indica viridiflora war dagegen 2n = 27. Diese Zahl 
liegt sehr iialie der Zahl, nämlich 26, die Winkler und Strasburger 
als die reduzierle Zahl angaben. Die Verschiedenheit meiner und der 
friiheren Resiiltate zu erklären, ist ebenso leicht, wie es zu verstehen 
ist, dass man zu der Zeit, als die agamogonischen Pflanzen zytologisch 
noch nicht so genau wie jetzt studiert worden waren, den fraglichen 
Fehler kaum hat vernieiden können. Die Diakinesekerne, in denen die 
genannten Forscher die Chromosomenzahl bestimmlen, waren ganz 
asyndetiscli. Die Chromosomenkörper wurden als Gemini betrachtet, 
waren aber in Wirklichkeit Univalente. Die Metaphasen in der P.M.Z., 
die gezähll wurden, waren eben solche, bei deneri die Chromosomen 
»leicht somatisierte» Form hatten und alle Univalente sich genau in 
eine Äquatorialebene einfugten. Dies geht deutlich aus Winklers Ab- 
bildungen 15 — 16 und aus Strasburgers Abb. 8 und 10 auf Taf. I her- 
vor. Dass gerade diese Metaphasen gezählt wurden, erklärt sich daraus, 
dass in den ubrigen Fallen strikte Äquatorialplatten nicht gebiidet wur- 
den. Dass Strasburger später eine Zahl, die um 26 herum pendelte, 
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sowohl in E.M.Z. wie in Wurzelspitzen fand, was ihn sehr iiberraschle 
und zu weitläufigen theoretischen Erwägungen veranlasste, ist nun leicht 
zu verstehen. Es ist somit vollkommen sicher, dass die Zahl 2n = 27 
sowohl dem WiNKLERsclien wie dem STRASBURGERschen Material eigen 
gewesen ist. 


Die Apomikten unterscheiden sich in der Regel von ihren nächsten 
normalen Vcrwandlen durch einc grösscre Anzahl Genome (vgl. z. B. 
die Tabellen bei Rosenberg, 1930 und Gustafsson, 1935 b). Wik- 
stroemia viridiflora verhält sich in glcicher Weise, was aus der nach- 
stehenden Tabelle hervorgeht, die die Chrornosomenzahlen in der 
Familie angibt [die Zahlen stammen aus Tischlers Tabellen (dort an- 
gefiihrte Lileratur) und der vorliegenden Abhandlungl. Nur die 2n- 
Zahl wird angefuhrt: 


Wikstrocmia 

Daphne 

Gnidia 

Edgeworthia 

viridiflora 27 

ijezonensis 

18 carinaia 18 

papyrifera 3() 

canescem 18 

alpina 

18 


2737 18 

Mezereum 

18 


272(5 18 

Pseudomezereiim 

18 



Kiusiuana 

18 



odora 

27?" 



Oben isl bemerkt worden, dass alleni Anschein nach auch die nicht 
in der Tabelle angefuhrten, von mir studiertcn Wikstroemia- Arten di- 
ploid sind. Von 7 bekannten Wikstroemia- Arien wären demnach 6 
diploid und amphimiktisch, 1 triploid und apomiktisch. Innerhalb der 
nahestehenden Gattungen finden sich offenbar vereinzelte polyploide. 
Dass die vermutlich triploide Daphne odora nicht apomiktisch ist, geht 
daraus hervor, dass sic regelmässig Makrosporentetraden biidet 
(Osawa, 1913). Sie ist stark steril. 

Strasburger untersuchte den Pollen bei Vertretern der polymor- 
phen Art W. indica in den Herbarien Brandis’ und des Berliner Muse- 
ums (Strasburger, 1909, S. 85 ff,). Zwei Drittel der Exemplare hatten 
guten Pollen. Dicse Individuen stammten aus Sydney, Celebes, Neu- 
guinea, anderen Sudseeinseln, Australien und China. Schlechten Pollen 
hatten dagegen Exemplare von Java, der Bonin-Insel, Srirampur bei 

^ Die Zahl der Annahtne nach 27 (vgl. Holmgren, 1919). Osawa bestimmte sie 
(1913) zu n = 14, später ist sie zu n = 15 und zu 2n = 28 bestimmt worden (vgl. 
Tischlers Tabellen). 
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Calcutta (derselbe Klon [?] wie der, den Winkler, Strasburger und 
ich studiert haben). Ähnlichen Untersuchungen habe ich die Wik- 
stroemia-Arien im Herbarium des Naturhistorischen Reichsmuseums in 
Stockholm unterzogen. Normalen Pollen hatten Exemplare von Cobat- 
' che und von Nouniéa, beide Orte in Neukaledonien, und eines von nicht 
angegebenem Fundort. Pollen von demselben Aussehen wie bei dem 
in Buitenzorg vorkommenden Klon hatten ein Exemplar von unbekann- 
tem Lokal und eines von Formosa. Das letztere trug eben die Bezeich- 
nung viridiflora, Strasburger untersuchte auf dieselbe Weise andere 
Arten der Gattung, alle hatten normalen Pollen. Von den im Reichs- 
museuni vertretenen Arten hatten regelmässigen Pollen die mit folgen- 
den Bezeichnungen versehenen: acuminata, buxifolia, canescens, Cau- 
mii, Chamaedaphne, dolichante, furcnta, Gampi, haleakabensis (doch 
vereinzelte Zwergpollenkörner), japonica, lichiangensis, nutans, oahen- 
sis, ovata, pulcherrima, rotundifolia, stenophylla und trichotoma. Pol- 
len vom »piridi7/ora-Typ» hatte nur stenantha von Kwantung. Mehrerc 
der aufgezählten Arten können als richtig bestimmt angesehen werden, 
mehrere Bestimmungen riihren nämlich von Skottsberg oder von 
Merrill hcr. 

Aus diesen Pollenuntersuchungen kann der Schluss gezogen wer- 
den, den Strasburger (1909, S. 87) zog: von der Art Wikstroemia 
indica gibt es sowohl aponiiktische als sexuelle Formen. Dass diese 
sexuellen Formen nicht triploid sein können, geht daraus hervor, dass 
sie normalen Pollen haben. Alles spricht demnach daför, dass die apo- 
miktische Wikstroemia indica ein intraspezifischer polyploider Typ ist. 

Die Pollenuntersuchungen sprechen dafur, dass nur wenige Arten 
innerhalb der Gattung durch die Erscheinung gekennzeichnet sind, wie 
sie bei Wikstroemia indica vorkommt. 


Die Teilung der Pollenmutterzellen kann bei der studierten Wik- 
stroemia viridiflora auf verschiedene Weise geschehen. Man kann eine 
zusammenhängende Serie von Meiosis mit starker Asyndese bis zu 
reiner Mitose hin beobachten. Die Beibehaltung der unreduzierten 
Chromosomenzahl (abgesehen wird hierbei von Komplikationen, er- 
zeugt durch Hemiunivalentenbildung) kann auf dreierlei verschiedene 
Weise geschehen: 1) durch semiheterotypische Teilung, begleitet von 
Restitutionskernbildung, 2) durch pseudohomotypische Teilung und 
3) durch somatische Teilung. Dass die Chromosomenzahl bei der Bil- 
dung des Makrogametophyten wenigstens in der uberwiegenden Anzahl 
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Fälle unreduziert bleiben muss, geht daraus hervor, dass die Pflanze 
agamospermisch ist, sowie daraus, dass der Embryo sich aus der Eizelle 
entwickelt. Aus mciner Untersuchung ergibt sich, dass während der 
Teilung I vorhandene Univalente das Auitreten von Nachziiglern ver- 
ursachen könneii. Die Voraussetzung fiir die Bildung von Restitutions- 
kernen ist demnach vorhanden, Pseudoliomotypische Teilung ist 
offenbar hier ein anderes Verfahren zur Bildung unreduzierter Embryo- 
säcke. Dass diese beiden Entwicklungsweisen bei ein und demselben 
Individuum wirksam sein können, ist von Gustafsson (1935b) lur 
einige Agamospermen nacligewiesen oder wahrscheinlich geniacht wor- 
den. Bei anderen, z. B. Hieracium, können offenbar sowohl pseudo- 
homotypische Teilung als auch somatisierte Teilung vorkornmen (vgl. 
Gustafsson, 1935 b; Bergman, 1935 b; Gentscheff, 1937). Kami auch 
die somatische Teilung bei Wikstroemia wirksam seinV Strasburgers 
Resultale deuten darauf hin und ebenso mein Nachweis einer evtl. 
direkten Bildung des Embryosacks aus der E.M.Z., da ja Anlass vor- 
liegt, zu verrnuten, dass das Vorhandensein des A/i^ennaria-Schemas ein 
Kriterium dafiir biidet, dass die Teilung »stark somatisiert» gewesen ist, 
d. h. wenn die Gamctophytenbildung einem Entwicklungsmodus homo- 
log dem Normalschema gefolgt isl. Dass dies hier der Fall ist, kann 
als sicher angesehen werden, da die ubrigen Wikstroemia- Arten dem 
Normalschema folgen. Ich gehe auf die Frage an anderer Stelle des 
näheren ein (Fagerlind, 1940). 

Es ist also wahrscheinlich, dass dieselben drei Methoden, die zur 
Bildung unreduzierter Mikrosporen zur Verwendung kommen, auch 
zur Bildung unreduzierter Embryosäckc verwendet werden. In gewis- 
sen Fallen konnte die E.M.Z. auch vier Sporen bilden; es zeigt dies, 
dass noch eine weilere Variation in der ersten Teilung der E.M.Z. vor- 
kommen kann, eine, die auch bei der Mikrosporenbildung vorhan- 
den war. 

Die apomiktischen Pflanzen, bei denen die Reproduktion iiber 
einen Gametophyten geschieht, sind wenigstens in der Mehrzahl der 
Fälle dadurch gekennzeichnet, dass die Teilung der P.M.Z. und der 
E.M.Z. sehr verschieden riicksichtlich des Grades der Syndese und des 
grösseren oder geringeren Grades von meiotischem bzw. mitotischem 
Charakter verläuft (vgl. beispielsweise Gustafssons Obersicht 1938). 
Bei Wikstroemia indica (viridiflora) kommen indessen, allem nach zu 
urteilen, genau dieselben Teilungstypen in der P.M.Z. wie in der E.M.Z, 
var. Verschiedenheiten in der Frequenz des Vorkommens der einzelnen 
Typen in den beiden Fallen sind aber deutlich vorhanden. Die Bildung 
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unreduzierter Derivate ist bei den P.M.Z.-Teilungen ungewöhniich, bei 
den E.M.Z.-Teilungen gewöhnlich. Vermutlich ist der bei vielen Apo- 
mikten vorhandene Unterschied zwischen den P.M.Z.- und den E.M.Z.- 
Teilungen eben durch einen solchen Frequenzunterschied bedingt. Alle 
Ärten von Teilungen — verschiedene Grade von Somatisierung — 
sind vielleicht immer vorhanden. Hierfiir sprechcn die Resullate der 
Hieracium- und Antennariu-Forschung der letzten Jahre (Stebbins, 
1932; Bergman, 1935 b — c; Gustafsson, 1935 b und später; Gent- 
SCHEFF, 1937). In extremen Fällen sind offenbar gewisse Teilungs- 
typen in der P.M.Z. bzw. E.M.Z. so selten geworden, dass sie praktisch 
genonimen der Beobachtung sicli entziehen. 


WiNGE (1917) und Ernst (1918) stellien die Hypothese auf, dass 
Apomixis durch vorliergehonde Artbastardierung bedingt wäre. Die 
Hypothese wurde lange durch den Nachweis davon gestutzl. dass die 
Agamosperinie oft mit stärker Asyndese während der Meiosis verbun- 
den war. Später isl nachgewiesen worden, dass Asyndese bei reinen 
Arten vorkommen kann. Sie ist da genbedingt (Beadle, 1930 u. a.). 
Mehrere Arten, bei denen agamospermische Formen vorkommen, ent- 
halten auch sexuelle diploide Formen. Die Agamospermen miissen da 
als intraspezilische, nicht als interspezifische Polyploide betrachtet wer- 
den. Der Anschauung, dass die Agamospermie oder wenigstens die 
Bildung unreduzierter Gametophyten durch spezifische Gene verur- 
sacht sein kann oder verursacht ist, haben sicIi mehr oder ininder ent- 
schieden folgende Autoren angeschlossen: Andersson-Kottö. Bergman, 
Gustafsson, Holmgren und Ro.senberg. Bergman beinerkt jedoch, 
dass, da die Syndeseverhältnisse deutlich auf hybridogcne Chromoso- 
mengarnitur — das Drosera-Schema — hindeuten, doch Bastarde vor- 
liegen mössen. Er weist unter anderem auf die Canfna-Rosen hin. 
Hier können die Syndeseverhältnisse geschrieben werden: 7„ -f 14„ 
7„-)-21„ oder 7„ + 28, (Täckholm, 1922). 

Die apomiktische Natur der Con/na-Rosen ist jedoch nicht nach- 
gewiesen. Blackburn und Harrison (1921) wollen die eigentum- 
lichen Verhältnisse bei diesen Pflanzen durch die Annahme erklären, 
dass eine Art struktureller Hybridität vorliegt. Diese Ansicht erscheint 
auch Darlington (1937) plausibel. Fur sie spricht auch, dass, wie 
verschiedene Autoren nachgewiesen haben, verhältnismässig gewöhn- 
lich 7-chromosomiger Pollen vorliegt. Fruhere Kastrationsversuche, 
deren Resultate auf apomiktische Vermehrungsweise deuten, haben 
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allen Wert verloren, seitdem Gustafsson (1931 a — b) gezeigt hat, dass 
ein positives Resultat ausblcibt, wenn die Kastrationen sorgfältig aus- 
gefuhrt werden. Gustafsson (1937) glaubt jedoch das Vorliegen von 
Apomixis (Pseudogamie) durch Bestäubungsversuche mit artfreindem 
Pollen beweisen zu können. Er gibt an, dass bei Bestäubung von 
Canina-Rosen mit Pollen von mgosa und rubrifolia die Nachkommen- 
schaft einheitlich ausfällt und nicht Charaktere zeigl, die an die des 
Pollenlieferanten eriniiern. Einen Beweis bilden jedoch diese Resultate 
nicht. Da, wenn Befruchtung erfolgt ist, von den 5 Genomen der Nach- 
kommenschaft nur eines von dem Pollenlieferanten staniml und die 
iibrigen vier von der Multcrpflanze, ist es nicht ausgeschlossen, dass die 
Eigenschaflen des ersteren bei der Nachkommenschaft nicht in Er- 
scheinung treten. Um einen schliissigen Beweis zu erlangen, ist es not- 
wendig, die Kreuzungsversuche zu wiederholen, aber unter Verwendung 
polyploider Rosen als Pollenlieferanten, wo dann schon die Chromo- 
somenzahl bei der eventuellen Nachkommenschaft beweiskräftige Be- 
deutung hat. Derartige Kreuzungen unter Verwendung von Pollen von 
diploiden, letraploiden, hexaploiden und oktoploiden Rosen habe ich in 
diescr Saison ausgefiihrt. Ich bin auch an einc zytologische und em- 
bryologische Untersuchung der Ca/iinri-Roscn herangegangen und hoffe 
dadurch zu einer Lösung des Canhia-Problems gclangen zu können. 

Sichere Beweise dafiir, dass die Apomixis mit Bastardierung in 
Zusammenhang steht, liegen also nunmehr kaum vor. Vielmehr kann 
man jetzt die polyploiden Agamospermen als inlraspezifisch polyploid 
betrachten. Wodurch ist dann die Asyndese bedingt? Eine Antwort 
glaube ich weiter unten geben zu können. 

Beim Studium vor allem von Galium Molhigo, aber auch von an- 
deren Galieae-Verlretern wies ich nach (Fagerlind, 1937), dass Tei- 
lungen vorkommen, die als ein Mittelding zwischen Meiosis und Mitose 
bezeichnet werden können. Bei den studierten Arten fand sich ein viel- 
zelliges Makroarchespor, dessen Grenze gegen das somalische Gewebe 
sehr diffus war, indem an seiner Peripherie zahlreiche Zellen vorkamen, 
die, dem Aussehen nach zu urteilen, weder als somatische Zellen noch 
als Archesporzellen bezeichnet werden konnten. Sie bildeten vielmehr 
eine Cbergangsserie zwischen diesen beiden Zellarten. Die Teilungen 
im Zentrum des Archespors waren Meiosen mit normalen Syndesever- 
hältnissen. Nach der Peripherie des Archespors hin wurde die Syndese 
mit dem Abstand vom Zentrum schwächer und schwächer. Die Chro- 
mosomenform stimmte dagegen stets mit der Chromosomenform wäh- 
rend Teilung I einer gewöhnlichen Meiosis iiberein. An den äusserslen 
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Grenzen des Archespors und ausserhalb desselben kam ein ähnlicher 
Teilungstyp vor, aber mit noch stärkerer Asyndese, recht oft mit totaler. 
Die mehr oder weniger asyndetischen Teilungen wurden als semihetero- 
typische durchgefuhrt. Ein Vorkommen von pseudohomotypischer 
Teilung war jedenfalls möglich. Sie ist jedoch nicht mit voller Sicher- 
heit nachgewiesen worden. Während aller dieser Teilungen lag trotz 
der Asyndese volle Chromosomenhomologie vor. Die Asyndese ist dem- 
nach hier nicht durcli den Mangel einer solchen Homologie bedingt. 
Audi kann sie nicht genbedingt sein, da im Zentrum des Archespors 
und während der Mikrosporogenese die Syndese normal war (abgesehfen 
wird hier von den abnormen Fallen, die ich auch nachgewiesen habe). 
Sie muss also darauf beruhen, dass die Teilung nicht eine heterotypische 
war. Die Teilung muss als ein Dbergang zwischen heterotypischer 
Teilung und Mitose — als eine »somatisierte Meiosis» oder als eine 
»meiotisierte Mitosis» — betrachtet werden. 

Fälle, die an die »somatisierten Meiosen» bei den Galicae-Vertretern 
erinnern, sind auch anderwärts angetroffen worden. Ich denke an die 
Teilungen, die Rosenberg (1909) und ich selbst (Fagerlind, 1937) als 
Abnormitäten in den Tapetumzellen oder anderen benachbarlcn somati- 
schen Zellen der Staubbeutel nachgewiesen haben. Diese Teilungen 
waren durch die meiotisch kontrahierte Form der Chromosomen, aber 
fehlende Syndese ausgezeichnel. Die Teilungen erfolgten semihetero- 
typisch. 

»Somatisierung» der Meiosis kann also eine Teilung mitfuhren, bei 
der die Chromosomen mil denen der Meiosis betreffs der Form uberein * 
stimmen, bei der Syndese vorkommen kann, diese aber mehr oder 
minder abgeschwächt ist. Totale Asyndese kann oft die Folge sein. 
Die »somatisierte Meiosis» kann dem semiheterotypischen oder dem 
pseudohomotypischen Schema folgen. Solche Teilungen bei den Aga- 
mogonen als durch vorhergehende Bastardierung bedingt anzusehen, ist 
inan also kaum melir berechtigt. Diese Teilungen können hier ebensogut 
durch genbedingte »Somatisierung» der Meiosis verursacht sein. Da wir 
sicher wissen, dass mehrere Agamospermen nicht Bastarde sind, und 
lerner dass mehrere Teilungen aufweisen, die durch starke Somatisie- 
rung ausgezeichnel sind, halte ich den folgenden Schlussatz fur be- 
rechtigt: 

Die Asyndese bei vielen Agamogonen ist sehr wahrscheinlich durch 
die Somatisierung der Meiosis bedingt Ist diese starky so werden 
Teilungen erhalten, bei denen die Chromosomen somatische Gestalt 
haben; ist sie schwach, so behalten die Chromosomen ihre meiotische 
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Gestalt, aber es t ritt Asyndese ein. Ist die »Somatisierung» sehr schwach, 
so wird die Teilung sehr åhnlich einer Meiosis (semiheterotypische 
Teilung); ist sie etivas stärker, so wird die Asyndese total. Pseudohomo- 
typische Teilung kann dnnn eintreten. 

Bei den Amphimikten geschehen in der Regel (betreffs weniger 
Ausnahmen siehe unten), wenn die Entwicklung von E.M.Z. zu Sporen- 
bildung und fenier zu Gametophytenbildung und -entwicklung geht, der 
Reilie nach folgende Veränderungen: 

I II III IV 

heterotypische homotypische Teilung Vi^achslum und somalische Tei- 

Teilung (“»Äquationsteiliing»,— ► Vakuolenbil- lung Nr. 1 ->usw. 

durchgefuhrl mit kon- dung 
trahierter Chromoso- 
menform) 

Bei Agamogonen mit Semiaposporie (eine oder mehrere Arten der 
Gattungcn Taraxacum, Wikstroemia, Erigeron u. a. — vgl. Tabelle 2 
bei Fagerlind, 1940 und dort angefiihrte Literatur) wird die erste 
Teilung der E.M.Z. als pseudohomotypisch durchgefuhrt. Bei diesen 
geschehen der Reihe nach folgende Veränderungen: 

I II 1 

pseudohomotypische Teilung (=_ Äqua- Waclistum und somatische Tci- 
tionsteilung, gekennzeichnct durch kon- Vakuolenbildung ->lung Nr. 1 usw. 

trahierte Ghromosomen) 

Bei Agamogonen mit Aposporie (eine oder mehrere Arten der Gat- 
tungen Antennaria, Eupatorium, Hieracium u. a. — vgl. Tabelle 2 bei 
Fagerlind, 1940 und dorl angefuhrte Literatur) wird die erste Teilung 
der E.M.Z. als rein somatisch durchgefuhrt. Bei diesen geschehen der 
Reihe nach folgende Veränderungen: 

1 II 

Wachstum und Vakuolenbildung somatische Teilung Nr. 1 -^usw. 

In dem ersten der hier fiir die Agamogonen angefiihrlen Fälle ist 
also die Entwicklung, verglichen mit den Verhältnissen bei den Aniphi- 
mikten, um einen Teilungsschritt (heterotypische Teilung eliminiert), 
in dem anderen um zwei Teilungsschritte (heterotypische und homo- 
typische Teilung eliminiert) verkurzt worden. Es ist auffallend, dass 
in den drei Fällen die vorkommenden Entwicklungsphasen genau die- 
selbe Reihenfolge innehallen. In analoger Weise, wie die Spore sich in 
den normaleu Fällen entwickelt, entwickelt sich also die Dyadenzelle 
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(oder das Produkt, der Dyadenkern), wenn Semiaposporie vorliegt, und 
die Mutterzelle selbst, wenn Aposporie vorliegt. Wenn Semiaposporie 
vorliegt, hat sich offenbar die Dyadenzelle in einen jungen Embryosack 
mmgewandelt; wenn Aposporie vorliegt, wandelt sich die Mutterzelle 
direkt in einen jungen Embryosack um. Liegt Aposporie vor, so hat sich 
also der Embryosackmutterzellkern direkt in den Embryosackkern um- 
gewandelt. Wenn Semiaposporie vorliegt, hat sich offenbar der E.M.Z,- 
Kern so umgewandelt, dass er mit dem Dyadenkern bei normaler Ent- 
wicklung ubereinstimmt. In Anbetracht der analogen Entwicklung kann 
man kauni einen anderen Schluss ziehen. Ist er richtig, so muss die 
pseudohomotypische Teilung als ihrer Natur nach mit der homotypi- 
schen gleichartig betrachlet werden. Oben habc ich Tatsachen ange- 
fuhrt, die dafur sprechen, dass die pseudohomotypische Teilung ihrer 
Natur nach ein Miltelding zwischen somatischer Teilung und heterotypi- 
scher Teilung darslellt. Ist das der Fall, so ist damit auch der Schluss 
gegeben, dass die homotypische Teilung ihrer Natur nach einc solche 
intermediäre Erscheinung ist. 

Fiir Wiksiroemia ist oben gezeigt worden, dass bei Klonen, wo die 
Gametophytenbildung in der Regel durch Semiaposporie zu geschehen 
scheint, die Entwicklung des E.M.Z.-Kerns eine Verzögerung erfährt, ver- 
glichen mit der bei nahestehenden Amphimikten. Die Verzögerung ist 
derart, dass die Vakuolenbildung in der Dyadenzelle, d. h. die Gaineto- 
phytenbildung, ungefähr gleichzeitig damit geschieht, dass diese Erschei- 
nung bei den Amphimikten stattfindet. Bei Apomikten mit generaliver 
Aposporie scheint die Verzögerung der ersten Teilung der E.M.Z, noch 
grösser zu sein als bei Wikstroemia (vgl. Bergman, 1935 b — c; Stebbins, 
1932; Afzelius, 1936; Gustafsson, 1935 — 39). Im letzteren Falle war, 
verglichen mit den Verhältnissen bei den Amphimikten, eine Teilung 
»eliminiert)» worden, im ersteren zwei. In beiden Fallen diirften also 
Vakuolisierung (die (lametophytenbildung) und die erste Teilung des 
Gametophyten ungefähr zu gleicher Zeit wie bei nahestehenden Amphi- 
mikten eintreffen. Eine Verzögerung ist meines Wissens zuvor nicht 
beobachtet worden, wenn Semiaposporie vorliegt. Es beruht dies vermut- 
lich darauf, dass die Verzögerung in diesem Falle nicht so ausgesprochen 
ist, wie wenn generative Aposporie vorhanden ist. 

Auf Grund der eben angefiihrten Verhältnisse liat Gustafsson 
(1935, 1938, 1939) eine Hypothese iiber die Interrelation und Physiologic 
der Kernteilungen aufgestellt. Leider ist es recht schwer, uberall zu 
verstehen, was er meint. Er scheint geltend machen zu wollen, 
dass die Meiosis sich von der Mitose durch andere Wassergehalts- und 
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Viskositätsverhältnisse unterscheidet, dass die Meiosis sich gradweise (?) 
in Mitose umwandelt durch Veränderung des Grades von »hydration >, 
»sap-intake» und Viskosität des Kerns und der Zelle, Dinge, von denen 
wir — und auch Gustafsson — absolut nichts wissen. Entscheidend fiir 
die Beurleilung hier scheinen die Volumveränderungen der E.M.Z. und 
ihres Kerns und der Vakuolisierungsgrad des ersteren zu sein. Es ist 
möglich, dass ich Gustafssons Ausfuhrungen missverstehe und daher 
seine Hj^pothese — die indessen eher als eine erwiesene Tatsache dar- 
ges-tellt wird — nicht ihrem vollen Werle nach wiirdigen kann. In seincr 
letzten Arbeit geht jedoch Gustafsson (1939) noch weiter. Hier will er 
Embryosackentwicklung nach dem Scilla- und Liliuin-Typ (— tetra- 
sporische Embryosacktypen? ) als Zwischcnstadien zwischen Entwick- 
lung nach dem Normallyp und nach dem Taraxacum- und Antennaria- 
Typ einschalten. Bei Enlwicklung nach dem Normaltyp machten sich, 
meint er, »vacuolisation forces» erst geltend, nachdcrn »meiotic sub- 
stances» Meiosis hervorgerufen hätten und die Enlwicklung bis zur Bil- 
dung von Zellentetraden fortgeschritten sei. Wenn »vacuolisation forces» 
sich sclion nach der Bildung der Zellendyade geltend machten, sei das 
Resultat Sci7/a-Typ; wenn sie sich gleich nach dem Beginn der meioti- 
schen Prophase geltend machten, sei das Resultat Li7ium-Typ; wenn sie 
sich schon vorher geltend machten, sei das Resultat, dass die Meiosis 
in E.M.Z. sich in eine pseudohomotypische oder somatisierte Teilung 
uinwandle. Leider stimmen jedoch die Tatsachen durchaus nicht mit 
den Behauptungen uberein, auf die seine Hypothesen sich stiitzen. In 
der Regel treten Vakuolen erst auf, nachdem vier Sporenkerne gebiidet 
worden sind, gleichgultig ob die Enlwicklung einem der mono-, bi- oder 
tetrasporischen Schernata gefolgt ist. Hier die ganze neuere embryologi- 
sche Lileratur heranzuziehen, um Gustafsson zu widerlegen, der selbst 
nicht durch Literaturzitate zeigt, woher er seine Angabcn genommen 
hat (es sieht aus, als stammten sie lediglich aus Referaten von Modi- 
LEWSKls und Rutgers veralteten Cbersichten), erscheint mir unnötig. 
Von der Regel gibt es indessen einige wenige Ausnahmen (Adoxa, 
Helosis, Limnanthes, Tulipa, um ein paar Beispiele zu nennen). Diese 
stehen nicht in irgendwelchem nachweisbaren Zusammenhang mit dem 
Entwicklungstyp, wenn auch die Ausnahmen viellcicht nicht unter den 
monosporischen Typen vorkommen. Bei einigen der Ausnahmen wer- 
den Vakuolen sehr fruh angelegt. Die Meiosis ist demungeachtet nor- 
mal. Friihe Vakuolenbildung ist demnach nicht Ursache oder Kriterium 
einer »somatisierten» Teilung. 

In welchem gegenseitigen Zusammenhang die bei Aposporie und 
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Semiaposporie nachgewiesene Entwicklungsverspälung, die »Somatisie- 
rung» der E.M.Z.-Teilung und Vakuolenbildung zueinander stehen, lässt 
sich nicht entscheiden. Gegenwärtig auf Grund morphologischer Beob- 
achtungen weitgehendere Schliisse betreffs der Physiologie der Kern- 
teilungen ziehen zu wollen, kann ohne weiteres als vollkommen zweck- 
los bezeichnet werden. 


Vor dem Abschluss dieser Arbeit ist es mir eine angenekme Pflicht, 
allen denen, die mir bei der Beschaffung des Materials behilflich gewe- 
sen sind oder in anderer Weise meine Arbeit unterstutzt haben, meinen 
verbindlichen Dank auszusprechen. Unter diesen seien besonders er- 
wähnt Herr Dr, Th. van den Honert (Buitenzorg), Herr Professor 
O, Rosenberg (Stockholm), Herr Professor C. Skottsberg (Göteborg) 
und Herr Dr. D. F. van Slooten (Buitenzorg). 

ZUSAMMENFASSUNG^ 

1. Die Grundzahl bei der Gattung Wikstroemia ist 9. 

2. Ein studierter agamogonischer Klon von Wikstroemia viridiflora 
(indica) ist intraspezifisch triploid. 

3. Triploidie und Agamogonie sind selten innerhalb der Gattung 
Wikstroemia, 

4. Die meisten Wikstroemia-Arieii haben normale Pollenbildung 
und folgen in ihrer Embryosackbildung dem Normaltyp. 

5. Bei dem studierten agamogonischen W. viridiflora-Klon sind 
während der Mikrosporogenese sehr verschiedene Teilungstypen vorhan- 
den. Eine stetige Reihe von relativ stark syndetischer Meiosis iiber 
stark oder total asyndetische Meiosis und pseudohomotypische Teilung 
zu rein somatischer Teilung hin ist nachgewiesen worden. 

6. Bei dem agamogonischen Klon zeigt die E.M.Z., allem nach zu 
urteilen, dieselben Variationen wie die P.M.Z. Am gewöhnlichsten ist 
jedoch wohl pseudohomotypische Teilung oder semiheterotypische Tei- 
lung kombiniert mit Restitutionskernbildung. 

7. Bei dem agamogonischen Klon liegt meistens (?) Semiapo- 
sporie vor, die Embryosackbildung folgt hauptsächlich dem Taraxacum- 
Schema. In vereinzelten Fällen können reduzierte Embryosäcke gebil- 
det werden. Dann treten während der Entwicklung Zellentetraden auf. 

8. Die Asyndese während der Meiosis bei Agamogonen wird als 
durch genbedingte »Somatisierung», nicht durch mangelnde Homologie 
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verursacht angenommen. Die polyploidc, agamogomscVie Form Vitdm 
der Regel fiir mtraspezifisch polyploid erklärt. 

9. Es wird wahrscheinlich gemacht, dass die pseudohomotypische 
und die bomotypische Teilung ihrer Natur nach gleichartig sind. 

10. Ein gegenseitiger Zusammenhang zwischen Vakuolenbildung 
und Embryosackbilduiig gemäss dem Normalschema, den bisporischen, 
den telrasporischen Schemata, dem Taraxacum- oder dem Antennaria- 
Schema liegt nicht vor. 
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POLYPLOIDY IN P ARTHENOGENETIC 
CURCULIONIDAE 

BY ESKO SUOMALAINEN 

INSTITUTE OF GENETICS, THE UNIVERSITY, HELSINKI» FINLAND 
(Preliminary Report) 


P ARTHENOGENETIC reproduction is very rare in Coleoptera, con- 
trary to many other orders of insects (cf. Székessy, 1937). Most 
of the parthenogenetically reproducing species of beetles belong to the 
weevils, Curculionidae. Within this group parthcnogenesis is com- 
paratively cominon in the subfamilies Otiorrhynchinae and Brachy- 
derinae. In other families of Coleoptera, howcver, only a few partheno- 
genetically reproducing species are at present known. As bisexual as 
well as parthenogenetic species are found in many genera of the above- 
mentioned curculionids, a study of their cytology affords an excellent 
opportunity of comparing the chromosomes in closcly related bisexual 
and parthenogenetic species of animals. In the following pages a brief 
summary of some results of my studies concerning these matters will 
be given. 

The material used was collected in different parts of Finland. It 
was fixed in Carnoy’s fluid (6:3:1) and sectioned. The preparations 
were stained in Heidenhain’s iron-hematoxylin or wilh the fuchsin 
sulphurous acid of Feulgen. The drawings were made with the aid 
of an objeelive 120, oeular 25 and Abbe’s camera lucida (all »Zeiss»). 
The magnification is about 3000 X. 

I. THE BISEXUAL SPECIES. 

Since, as far as I am aware, nothing has been published about the 
cytology of true curculionids, I have also studied some bisexual species; 
they have as far as possible been selected from the same genera as the 
parthenogenetic species. The following results were obtained. 

Strophosomus capitatus (—Str, rufipes v. capitatus), — The di- 
ploid chromosome number of the species is 22. In the male there are 
11 chromosome bodies of different size in the metaphase of the first 
meiotic division (Fig. 1). The smallest is the unpaired X-chromosome, 
but ten are bivalents. The X precedes the others in the anaphase. 
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Thus in the metaphase of the second division there are two kinds of 
cells with respect to their chromosome complements, uiz, one with 11 
and the other with 10 chromosomes. The males are thus heterogametic 
and belong to the XO-type. I have not been able to obtain pre- 
parations of male somatic divisions. In the female the metaphase of 
the first mciotic division (Fig. 2) shows 11 bivalents. The X-pair is 
smaller than the other bivalents. The oogenesis is completely normal. 
The females are thus homogametic. In the metaphases of female 
somatic divisions 22 long, often V-shaped, chromosomes can be seen 
(Fig. 3). Both X-chromosomcs differ from the autosomes in being of 
a smaller size. 

Otiorrhynchus arcticus. — The diploid number of chromosomes 



Figs. 1 — 3. Strophosomus capitatus. — Fig. 1. cJ, first metaphase. — Fig. 2. 9 
first metaphase. — Fig. 3. 9» blastomerc mitosis. 


is 22, In the metaphase of the spermatogonia (Fig. 4) 22 chromosomes 
appear, one of which, the Y-chromosome, is considerably smaller thaii 
the others. The males of this species are thus of the XY-type. The 
X and Y pair in the first meiotic division, and so there are 1 1 bivalents 
of different size in the metaphase plate (Fig. 5). X and Y do not 
precede the other chromosomes in this species. There are two kinds 
of metaphase plates of the second division; in some the larger X and in 
others the smaller Y is present. In the female the metaphase of the 
first meiotic division also (Fig. 6) shows 11 bivalents. The paired 
X-chromosomes separate first (cf. the figure). As in the two following 
species I have not been able to obtain satisfactory preparations of 
somatic divisions. 

Polydrosus pilosus. — The diploid number of chromosomes is 22. 
The chromosome behaviour in this species is similar to that of Otior- 
rhynchus arcticus. The X- and Y-chromosomes appear paired in the 


POLYPLOIDY IN PARTHENOGENETIC CURCULIONIDAE 


53 


first meiotic division, there being thus 11 bivalcnts in the metaphase 
plaic. In the metaphase plates of the second division either the larger 
X or the smaller Y is present. 1 did not obtain any clear preparations 
of the female meiosis, for the chromosomes are so closely packed 
together that no exact counts can be made. In another Polydrosus 
species, P. undntus, I have, however, ascertained beyond doubt the 
prcsence of 11 bivalents in the metaphase of the first meiotic division 
in the female. 

Hylohim abietis, — This weevil, which is more remotely related to 
the last mentioned species, also has the diploid number 22. With 
regard to the chromosomes the species is similar to Strophosomus 
capitatus^ both belonging to the XO-type. In the metaphase of the first 
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Figs. 4 — 6. Otior rhijnc hus arcticus. — Fig. 4. Spcrmulogonial metaphase; Y in the 
middlc. — Fig. 5. cf, first metaphase. — Fig. 6. 9»hrsl metaphase; the X-chromo- 
.somes (on the left, bottom) have already separated. 

meiotic division in the malc there are 11 chromosome bodies of differ- 
ent size. The smallest is the unpaired X-chromosome; it clearly precedes 
in the first anaphase. 

To sum up, it may be said that all the bisexual species of weevils 
studied by me have the same number of chromosomes (2n = 22). The 
males are hcterogamelic, belonging either to the XO- or the XY-type; 
the females are homogametic. 


II. THE PARTHENOGENETIC SPECIES- 

It is to be expeeted that the cytology of parthenogenetic weevils 
is not devoid of interest from more than one point of view, for it 
should be noted that many of the species in question reproduce 
parthenogenetically within definite areas only, being bisexual in other 
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£lreas. On the other hand, if we examine exciusively parthenogenetic 
species we shall find that many of them have closely related bisexual 
species characterized only by slight external differences, haviug dis- 
tribution areas different from those of the former and usually south 
of them. For further information on these problems the reader is 
referred to papers, for instance, by Penecke (1922) and Székessy 
(1937). It may be poinled out that Vandel (1932), in discussing the 
spanandrie and parthenogenesis in the weevils of the genus Trachy- 
phloeus, expresses the opinion that the parthenogenesis is accompanied 
by polyploidy. 

The chromosome numbers of the nine parthenogenetic species of 
curculionids studied by me, form an arithmetic series. They are 22, 
33 and kh or at any ratc a luimber very close to one of these figures. 
Since the diploid number of all the bisexual species examined is 22. 
it is obvious (hal among the parthenogenetic species there are, in 
addition to diploid species^ also triploid and tetraploid. 

1. THE DIPLOID SPECIES, 

Only one of the species examined belongs to this group. 

Polydrosus mollis, — - In the melaphase plates of Ihe inature eggs 



Fig. 7. Polydrosus mollis, Metaphase of maturation di\ision, 22 chromosoines. 

22 chroniosomes are plainly visible (Fig. 7). They are of different 
size, four being evidently larger Ihan the olhers. The egg-cell passes 
through one maturation division only, which is equational. The 
somatic cells thus retain the normal diploid number, a fact I have 
verified. 


2. THE TRIPLOID SPECIES, 

Five of the examined species belong to this group. 

Otiorrhynchus ovatus. — The egg-cells of this species also pass 
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through one maturation division only, which is equational. There is 
accordingly no reduction. The number of chromosomes in the meta^ 



Figs. 8 — 9. Otiorrhynchus ouatus. 33 chromosomes. — Figs. 10 — 11. Strophosomus 
melanogrammus. 34 chromosomes. — Fig. 12. Sciaphilus asperatus. 33 chromo- 
somes. — Figs. 8, 10 and 12 metaphase of maturation division. Figs. 9 and 11 

blastomere mitosis. 

phase plates of the maturation divisions varies between 30 and 34. This 
variation can be observed even among the eggs of one and the same 
female. I do not intend to discuss its causes in this connection. The 
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most common chromosome numbers are 32 and 33. The chromosomes 
are of varying size, more or less globular or somewhat oval (Fig. 8). 
Also the size of the plates varies considerably, the younger plates 
prpbably being larger. The maturation division being equational, the 
somatic cells retain the same number of chromosomes as the meta- 
phase of the maturation division. I have not been able to ascertain 
whether the number of chromosomes of Otiorrhynchus ovatus varies 
in somatic cells also, because of the difficulties of making exact counts 
in the latter. In the somatic metaphase shown in Fig. 9 there are 33 
long chromosomes, bent in the middle. They vary in size, but the 
different chromosome types are indistinguishable. 

Otiorrhynchus Ugustict — The eggs of this species, rare in Fin- 
land, are comparatively large and difficult to cut and thercfore satis- 
factory preparations are not easily obtaincd. For that reason I have 
so far been unable to determine the chromosome number exactly. In 
four metaphase plates of the maturation division 1 found about 33 — 35 
chromosomes. Il is noteworthy that in some eggs the chromosomes 
are in two different groups, one of which contains the diploid, the other 
the haploid number of chromosomes. (Cf. the cytology of Otiorrhyn- 
chus duhius, below). In the light of all this Otiorrhynchus ligu^tici 
must in my opinion be regarded as clearly^ triploid. 

Strophosomus melanogrammus, — The egg-cells of this species 
also pass through one maturation division only, which is equational. 
The number of chromosomes in the metaphase of the maturation 
division varies, as in Otiorrhynchus ovatus, being 31 — 35. The niost 
common number is 34 (Fig. 10). The size of the chromosomes in one 
plate varies considerably; in every plate there is one chromosome 
evidently smaller than the others. The equational split is often verv 
distijict. The maturation division begins while the egg is still in the 
ovary, the eggs being al early anaphasc when laid. The number of 
chromosomes remaining in the egg after the maturation division is the 
same as in the metaphase. In this species, too, 1 was not able to find 
out whether the chromosome number varies in somatic divisions. In 
the somatic metaphase pictured in Fig. 11 there are 34 chromosomes. 
The smallest one plainly differs from the others (lop of the figure). 

Tmchyphloeus bifoveolatus, — I have been unable to determine 
the exact number of chromosomes of this species, though I have 
examined fifteen sectioned ovaries. At metaphase the chromosomes 
are attached to each other, forming long, branched chain-like 
structures, the boundaries of the different chromosomes being difficult 
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to observe. In one metaphase plate I was ablc wilh a rather high 
degree of accuracy to count 32 chromosoines. In addition to this I also 
counted a little more than 30 chromosoines in four more plates. The 
triploid number of chromosonies is thus obvious in this species too. 

Sciaphilus asperatus. — The chromosome number of this species 
is 33, In the metaphase of the maturation division 33 chromosomes 
of different size are to be seen (Fig. 12); in them the equational split 
is nearly always visible. The chromosomes divide while the egg is 
still in the ovary. The chromatids begin to separate in the plane of 
the plate, so that one usually finds plates which seem to have more 
than 33 chromosomes. The sister chromatids, however, usually lie so 
clearly parallel that 33 chromosomes or chromatid pairs can also be 
ascertained in these cases. In one egg I found two metaphase plates, 
one of which had 22, the other 11 chromosomes. (Cf. the cytology of 
Otiorrhynclius dubius.) In the somatic cells I was able to ascertain 
the triploid number of chromosomes. 


3. THE TETRAPLOID SPECIES* 

Three of the species studied by me belong to this group. 

Otiorrhynchm duhius, — The chromosome number of this species 
is 44. I have not yet succeeded in ascertaining whether there is in this 
species a variation of the chromosome number corresponding to that 
found in certain other parthenogenetic species. Il is interesting to 
note that in Otiorrhynclius dubius there are even in the same ovary 
several lypes of egg-cells different with respect to the grouping of the 
chromosomes in the metaphase of the maturation division. Four kinds 
of egg-cells can be distinguished: 

a) Egg-cells with all the 44 chromosomes in one group (Fig. 13). 
The metaphase plates thus show the tetrnploid number, The chromo- 
somes vary in size, though the different types of the chromosomes 
cannot be distinguished. 

b) Egg-cells, in which the chromosomes form two different groups. 
In one plate there is the triploid number (S3) and in another the 
hnploid number {11) of chromosomes (Fig. 14). 

c) Egg-cells, the chromosomes of which are in two distinct groups, 
,but with the diploid (22) number of chromosomes in each (Fig. 15), 

d) Egg-cells, in which there are three groups of chromosomes. 
One plate has in this case always the diploid number (22) and the two 
others the haploid number (11) of chromosomes. 



58 


ESKO SUOMALAINEN 


These different chromosome plates are sometimes quite close to 
each other, bul they may also be coniparatively far apart. Their 
relative position also varies; they may be parallel, but also at right 
angles to each other. — In some eggs the chromosomes were in ir- 
regular groups. 

As already described, 1 found a corresponding phenomenon — 
although iess commonly — in a few other parthenogenetic curculion- 
ids, viz. Otiorrliynclms ligustici, Otiorrhynchm scaber and Sciaphilus 
asperatus, 

I have not so far been able to find out how thc maturation division 



13 14 15 

Figs. 13 — 15. Otiorrhynchus dubius, Metaphase of maturation division, 44 chronio- 
soines. — Fig. 13, Tetraploid piatc. — Fig. 14. Triploid and haploid platc in tlu* 
same egg. — Fig. 15. Two diploid plates in the same egg. 

and blastomere divisions take place in the eggs of different types in 
Otiorrhynchus dubius. 

Otiorrhynchus scaber, — The egg-cells of this species pass through 
a single maturation division only, which is equational. The chromo- 
some number in the metaphase plates of this division varies, as in 
Otiorrhynchus ovatus and Strophosomus melanogrammus, being 42 — 
44. The most common number is 44 (Fig. 16). The chromosomes 
are relatively large and of varying size. Their shape is globular or 
somewhat oval. — Sometimes, but very rarely, I found two distinct 
groups of chromosomes. In these cases there was always found either 
the diploid number in both plates or the triploid number in one and the 
haploid in the other plate. (Cf. the cytology of Otiorrhynchus dubius, * 
above.) — In the somatic cells of Otiorrhynchus scaber I was able to 
ascertain the tetraploid number of chromosomes. 
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Barynotus obscurus, — In the mature eggs of this species 44 chro- 
mosomes can be clearly seen (Fig. 17). They are very large, larger 
Ihan in any of the other weevils studied. Their size is variable. In 
the iniddle they often show a clear constriction. I did not succeed in 
obtaining any preparations of the somatic divisions of this species. 

In summarising the cytology of the investigated parthenogenetic 
curculionids the following facts may be pointed out: 

Polydrosus mollis is diploid. 

Otiorrhynchus ovatus, O. ligustici, Strophosomus melanogrammiis, 
Trachyphloeus bifoveolatiis and Sciaphilus asperatus are triploid, 

Otiorrhynchus dubius, O. scaber and Bnrynotus obscurus are tetra- 
ploid. 



16 17 

Fig. 16. Otiorrhynchus scaber. Metaphase of maturation division, 44 chroinosomes. 
— F^ig. 17. fiary notus obscurus. Metaphase of maturation division, 44 chroinosomes. 

The egg-cells pass through one maturation division only, which is 
equational. It is noteworthy that in sonie species the chromosomes at 
the metaphase of the maturation division may be arranged in two or 
even three different plates, each plate containing one or more complete 
sets of chromosomes. 


III. DISCUSSION. 

Although a common phenomenon in plants, polyploidy is com- 
paratively rare in the animal kingdom; see, for instance, Kawaguchi 
(1936, p. 129 — 130) and Dobzhansky (1937, p. 219 — 224). In a great 
many cases polyploidy appears in connection with parthenogenesis. 
Well known are the tetraploid and octoploid parthenogenetic races of 
Artemia salina (Artom, 1911; Gross, 1932), the triploid partheno- 
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genetic race of Trichoniscus provisorius (Vandel, 1928), and the tetra- 
ploid parthenogenetic races of Solenohia triquetrelUi and S. lichenella 
(Seiler, 1923 and 1939). AU these species have in addition a diploid 
hiscxual and some aLso a diploid parthenogenetic race. 

Muller (1925) assumed thaf Ihe rarity of polyploidy in animals 
and ils abundant occurrence in plants is due to the fact that most 
higher plants are monoecious, whilc animals are dioecious. Since the 
sex-determination in the latter is generally regulated by a sex-chromo- 
some mechanism, polyploidy may upset this mechanism and thus give 
rise to sexually abnormal and sterile forms (cf. also Dobzhansky, 
1937, p. 219 — 220). This danger is not present in parthenogenetically 
reproducing animals, the egg-cells of which have an equational division 
only, thus also in the parthenogenetic cureulionids described in this 
paper. In these the chromosome sets and, accordingly, the relationship 
belwcen sex-chromosomes and autosomes naturally remain imchanged. 

It is a well known fact that many parthenogenetic species of 
plants are polyploid, as compared with other closcly related bisexual 
species. Winge (1917) and Ernst (1918) simultaneously advanced the 
view that polyploidy and, in connection with it, parthenogenesis have 
arisen as a consequence of the Crossing of species. This assumption 
has been found to hold good with regard to many plants; see, for 
instance, Rosenberg (1930, p. 57 — 59). Rosenberg (p. 58) remarks, 
however: »Man kommt vielleicht den wahren Verhältnissen näher, 
wenn man die Sache so ausdruckt, dass die Bastardierung nicht die 
Ursache der Parthenogenesis ist, sondern sie kann sehr wohl ein wich- 
tiges Moment sein fiir die Entstehung parthenogenetischer Formen und 
vielleicht sogar eine Voraussctzung dafiir, ohne dass jedoch ein eigent- 
liches Kaiisalverhältnis zwischen den beiden Erscheinungen bestände». 
The tendency to parthenogenetic development is, according to Holm- 
gren (1919, p. 112), inherent in the gametes, but it may not be able 
to take effeet in haploid ones. 

When looking for the causes of polyploidy and parthenogenesis 
in animals, we must no doubt begiii with the assumption that these 
phenoniena can be produced in different ways in different forms. 
Seiler (1923, p. 83 — 84) is of opinion that as regards the partheno- 
genetic races of Solenohia »der Gedanke einer Artbastardierung als 
Ursache der Parthenogenese ausgeschlossen ist». He thinks (1923 and 
1939) that in Solenohia the parthenogenesis originally arose in a di- 
ploid form (there is a diploid parthenogenetic race of Solenohia tri- 
quetrella) and that the chromosome number subsequently became 
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doubled by automixis or a similar fusion of two diploid nuclei. Some- 
thing of this kind has been found by Gross (1932) in Artemia, The 
polyploid races of Solenobia and Artemia should thus be autopolyploid. 
Vandel (1928 and 1931 ) is of opinion that the polyploidy and partheno- 
gencsis in Trichoniscus, loo, have nol arisen as a consequence of Cross- 
ing, but niore probably through the fertilisalion of a diploid egg. 
Vandel (1931, p. 318) says: »On voit donc que jusqu’ici Tidée de 
rorigine hybride des formes parthénogénétiqucs constitue, au moins 
dans le regne aninial, une simple hypothese de travail». Heilborn 
(1934, p. 236) also remarks that »the polyploidy hilherto known among 
animals is autopolyploidy . . animal allopolyploidy is as yct un- 
known». 

The question arises as lo how the parthenogenesis and polyploidy 
in the curculionids arose. It seenis clear to me that they need not 
necessarily have arisen simultaneously but that parthenogenesis may 
also arise in a diploid form (e. g. Polydrosus mollis), an opinion held 
also by Seiler (1923 and 1939) in the case of Solenobia. If we con- 
sider the behaviour of the chromosonies in the polyploid partheno- 
genetic curculionids, we find that at least in four out of nine species 
(most clearly in Otiorrhynclws diibius) Ihere appears in the metaphase 
of the maturation division a kind of gonomery. This scems to indicate 
that in these curculionids the polyploidy has arisen as a result of 
Crossing, that is to say, these species are all o polyploid. The fact that 
in triploid species a complete set of chroniosomes and in tetraploid 
species one or two sets may be separated from the rest of the chroino- 
somes, proves in my opinion, that the sets in question are secondary 
and extraneous in origin. A new haploid set of chromosonies of this 
kind apparently does not always form a completely harmonious whole 
with the original diploid set, which always remains one single plate. 
Some influence may move it away from the latter, nevertheless keeping 
its chromosomes together. Evidence in favour of allopolyploidy is also 
afforded by the fact that the chromosome complement of Stropho- 
somus melanogrammus contains one small chromosome different from 
the others, instead of three, as we should expect if the species was 
autopolyploid. It seems to me most probable that the parthenogenesis 
of curculionids originally arose in diploid forms. We may further 
assume that a diploid parthenogenetic female in exceptional cases may 
pair with a male of either the species from which it has arisen or some 
other related species. Székessy (1937, p. 579 — 581) has ascertained 
that the female genital parts of the parthenogenetic curculionids have 
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remained unchanged. If an egg-cell is fertilised under these circum- 
stances, a triploid parthenogenetic form is of course produced; this 
naturally presupposes that the fertilising sperm contains an X-chromo- 
some. Such a triploid female might further in the same way give rise 
to a tetraploid form. It has been pointed out (e, g. Vandel, 1931, 
p, 316) that polyploid parthenogenetic races do not as a rule cross with 
diploid bisexual races. Seiler (1927 and 1939), however, has shown 
that in Solenobia, for instance, a cross of this kind may take place, 
though it cannot produce a permanent triploid race, because of the 
resultant intersexuality. — As I have found polynucleate spermatocytes 
in some bisexual species, I would not altogether reject the possibility 
of diploid gametes contributing to the polyploidy of curculionids. How- 
ever, as it is not certain whether they develop into functional sperms 
and even if they do, they contain for the most part sex chromosomes 
and autosomes in abnormal proportions (cf. Dobzhansky, 1937, p. 220), 
the part they play in this respect seems questionable. I have never 
found diploid eggs in bisexual curculionids. 

Discussing the importance of the Crossing of species in the evolution- 
ary process, Federley (1932, p. 369 — 382) elucidates the causes that 
normally prevent the birth of constant species hybrids in animals. He 
remarks: »Fur den Verlauf der Gametogenese eines Bastards sind die 
Chromosomenverhältnisse von entscheidender Bedeutung». For a 
regular division of the chromosomes in the meiosis of the hybrids to 
be possible and for the hybrid to be fertile, it is necessary that the 
parent species both have the same chromosome number and that, 
further, there is a complete affinity between their chromosomes. These 
conditions are seldom fulfilled. Moreover, the gametes of the hybrids 
must be capable of forming a functional zygote. None of these con- 
ditions is, however, necessary in the crosses assumed by me to be the 
cause of polyploidy in curculionids, since the hybrid is parthenogenetic 
and its eggs develop without reduction. Federley (1. c.) also shows 
that in moth-hybrids the two sexes may occur at quite different times, 
and thus cannot pair. In the curculionids in question not even this 
can prevent the survival of the supposed hybrids, since they reproduce 
parthenogenetically. A change in the time of occurrence might con- 
ceivably in these species compel the new form to adapt itself to new 
ecological conditions, which, for its part, would favour the origin of 
geographical parthenogenesis. Thus, though in the curculionids studied 
the parthenogenesis and polyploidy need not have arisen simultaneously, 
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yet they are not independent of each other. Parthenogenesis has made 
polgploidg possible. 

Though it is generally supposed that polyploidy in animals is of no 
importance for the origin of species, my results seem to show that 
in pnrthenogenetic animals, the egg-cells of which develop without 
reduction, polgploidg plags a part in the formation of new species and 
consequently in the process of evolution itself. 

Acknowledgment, — I am greatly indebted to Professor Harry 
Federley, Director of the Institute of Genetics of the University of 
Helsinki, for the valuable help he has given me in this work. 
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ZUR GENETIK VON PHASEOLUS VULGARIS 

XV. Ober die vererbung der mehrfarbig- 

KEIT DER TESTA 

VON HERBERT LAMPRECHT 

SAATZUCHTANSTALT WEIBULLSHOLM, LANDSKRONA 
(Wilh a Summary in English) 


EINLEITUNG* 

D ie Sanien von Phaseolus uulgaris zeigen bekanntlich einen aus- 
serordeiitlichen Reichtum an verschiedenen, erblich bedingten 
Testaf arben. Bisher sind etwa 60 verschiedene Tes taf arben genetisch 
analysiert. Zu diesen kommen ferner zahlreiche mehrfarbige und teil- 
farbigc Typen sowie solche mit sog. »Abzeichen». 

Die mannigfaltigen Typen von Färbung der Testa können zunächst 
in drei Hauptgruppen eingeteilt werden, nämlich: 

1) Testa farblos, 

2) Testa ganzfarbig. und 

3) Testa teilfarbig. 

Sanien mit farbloser Testa erscheinen zufolge zwischen dieser und 
den Keimblättern vorhaiidener Luft Weiss. 

Ganzfarbige Typen haben cine oder mehrere Farben iiber die 
ganze Testa verbreitet oder verteill. Sie lassen sich in zwei scharf gegen- 
einander abgegrenzte Untergruppen einleilen: 

A) Einfarbige, 

B) Mehrfarbige. 

Bei den einfarbigen Typen zeigl die ganze Testa mil Ausnahme des 
Hilumrandes eine einheitliche Färbung. Die Färbung des Hilumran- 
des wird (s. Lamprecht, 1933, S. 250 — 252 und 1939 b) durch einen 
pleiotropen Effekt der die Farbe der Testa im iibrigen bedingenden 
Gene verursacht. Anschliessend an den Hilumrand können begrenzte 
Zeichnungen, sog. Abzeichen, vorkommen. Zu diesen gehören u. a. 
Carunculastrich, Corona, Margo und Mikropylenstreifen (s. Lamp- 
recht, 1932 b, 1933, 1934 a und 1939 b). Diese Abzeichen werden 
durch besondere Gene bedingt, sind aber in ihrer Ausbildung uberdies 
vom Vorhandensein gewisser Farbgene in dominanter bzw. rezessiver 
Form abhängig. Abzeichen können innerhalb aller Gruppen von Fär- 
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bung der Testa, also auch bei mehrfarbigen und teilfarbigen, auftreten* 
In vorliegender Arbeit werden sie nicht beriicksichtigt. 

Die mehrfarbigen Typen werden dadurch charakterisiert, dass die 
Samenschale — abgesehen vom Hilumrand und von ev. Abzeichen — 
wenigslens zwei Farben aufweist, die mehr oder weniger regelmässig 
iiber die ganze Testa verbreitel sind. Bohnensamen, bei denen etwa die 
Hälfte, ein Drittel usw. eine Farbe, der andere Teil eine andere Farbe 
aufweist, scheint es nicht zu geben. 

Mit Hinblick auf die verschiedene Zeichnung der mehrfarbigen 
Typen lassen sich diese wie folgt in vier Untergruppen einteilen: 

a) Gestreifte (gebänderte) Typen; 

b) Homozygot marmorierte (und iiberdies stets auch gestreifte) 
Typen; 

c) Heterozygot marmorierte Typen; 

d) Bespritzte Typen. 

Die Fig. 2 — 6 im weiteren Teil der Arbeit zeigen Repräsentanten dieser 
vier Gruppen. 

Eine Untertcilung der mehrfarbigen Typen könnte auch auf (irund 
der Anzahl verschiedener Farben der Testa versucht werden. Eine 
solche Einteilung in 2-, 3- usw. farbige Typen wäre jedoch im Ver- 
gleich mit der vorslehenden als wenig Aufschluss gebend und unklar 
zu bczeichnen, da die Zwei-, Drei- usw. Farbigkeil lediglich durch 
verschiedene Kombination der oben angefuhrten Gruppen a-“d be- 
dingt wird. So sind Samen der Gruppen a) gestreift und c) hetero- 
zygot marmoriert stets nur zweifarbig. Homozygot marmorierte Sa- 
men, (iruppe b), sind stets dreifarbig (wenn dies auch mitunter bei 
dunkler gefärbten Samen schwer zu erkennen ist). Die Kombination 
von b) und c), also glcichzeitig homo- und heterozygot marmoriert, 
ist vierfarbig, usw. Die vorliegende Arbeit wird sich, wie schon der 
Titel angibt, ausschliesslich mit der Vererbung der Mehrfarbigkeit be- 
fassen. 

Die teilfarbigen Samen bilden die dritte Hauptgruppe (s. Lamp- 
RECHT, 1934 b). Bei diesen Typen ist slets ein gewisser Teil der Testa 
Reinweiss. Der gefärbte Teil der Samenschale hat seinen Ausgangs- 
punkt stets vom Hilumrand. Samen, bei denen die IJmgebung des 
Hilums weiss, andere Teile aber gefärbt sind, scheint es nicht zu geben. 
Die farbigen Partien auf der Testa dieser Typen zeigen, abgesehen von 
klcineren Variationen in der Ausbreitung, stets eine symmetrische An- 
ordnung zu beiden Seiten der Längsachse der Samen. Fig, 1 zeigt drei 
Samen mit verschiedener Teilfarbigkeit. Zu den teilfarbigen Typen 
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gehören also z. B. nicht Triibrosa auf Weiss gcstreiftc Samen, denn 
bei diesen ist die Farbe mehr oder weniger regelmässig iiber die ganze 
Testa verbreitet. Dieser Typus gehört also zu den ganz- iind mehr- 
farbigen, Gruppe 2 A. Alles, was fur die zweite Hauptgruppe, die ganz- 
farbigen Typen, gesagt worden ist, gilt auch fiir die teilfarbigen. Es 



ill der Mitte der virgareus- und reehts der scUatus-Typufi. 

können demnacli auch diese cinfarbig, verschieden mehrfarbig sowic 
mit verschiedenen Abzeichcn auftreten. 

DIE VERERBUNG DER STREIFUNG DER TESTA* 

Der gestreilte (gebänderte) Samentypus wird dadurch charakteri- 
siert, dass die Testa, seitlich betrachtet, auf liellerem Grunde ein, zwei 
oder mehrere Streifen (Bänder) in dunklerer Farbe aufweist, die fast 
stels Unregelmässigkeiten zeigen und bald hier, bald da unterbrochen, 
zum Teil in kleinerc Flecken aufgelöst, bald mitcinander mehr oder 
weniger verflosseii sind. \Me Fig. 2 zeigt, verlaiifen diese Streifen stets 
deutlich konzentrisch um das Hilum. Diesen Typus habe ich mehrmals 
aus Botanischen Gärtcii unter der Bezeichnung Dolichos Zebra bzw. 
Phaseolus Zebra Fingerh. erhalten. Es handelte sich aber stets nur 
um eine Form von Phaseolus vulgaris, denn teils war diese Form ganz 
mit anderen Rassen von Ph. uulgaris ubercinstimmend, teils gab sie 
bei Kreuzung mit solchen ganz fertile Nachkommen. 

Die Vererbung der Streifung scheint zuerst von E. v. Tschermak 
(1912) untersucht worden zu sein. Er kreuzte Flageolet purpurn mar- 
moriert {MS) mit Heinrichs Riesen (mS), erhielt in Fi »marmorierte» 
Samen und in F 2 Spaltung nach 3 Marmoriert : 1 Gestreift. Von 
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E. V. Tsghermak wird also zuerst das Symbol S verwendet. Kajanus 
(1914) findet in einer Kreuzung Dominanz von Marmorierung iiber 
Streifung und Dominanz von Streifung uber Einfarbigkeit. Tjebbes 
und Kooiman (1919 und 1921 a, b, c) studierten Kreuzungen zwischen 
gestreiften (S) und einfarbigen (ä) Samentypen. Sie f anden (1919) in 
einer Kreuzung zwischen »Haricot de Prague marbré nain)> und 
»Haricot brun clair nain» in Fa Spaltung nach 1 Schamois Weinrot 
gestreift : 2 Hellbraun/ Schamois marinoriert und Weinrot gestreift : 1 
Hellbraun. Je ein Viertel der Fa-Samen entsprach also den Eltern. 
Mit Hinblick auf die anscheinend monohybride Spaltung nahmen die 
Verfasser an, dass das Gen S die Hellbraune F^arbe in Weinrot umwan« 



Fig. 2. Drei Samen vom gestreiften Typus Linker aus L. 9, Souvenir de Deuil, 

die beiden rechten aus »Dolichos Zebra» (=: L. 145 von PJt, vulgaris). 

delt und diese Farbe uberdies nur als Streifen auftretcn lässt. — Die 
Marmorierung war zweifellos auf Heterozygotie in C (von Tjebbes 
und Kooiman mit B bezeichnet) zuruckzufuhren. Diese Verfasser 
nehmen daher (1921 a) vollkommene Repulsion zwischen S und C an. 
Bald darauf (1921 b) studierten sie eine spontane Kreuzung mit Stok- 
Kievitsboon als Mutter. In dieser trat Streifung auch in anderen Far- 
ben, Blauviolett uiid Braunschwarz auf. Es wurden daher zwei weitere 
Gene, Bl und Z, angenommen. Bl sollte die roten Streifen in Blau- 
violette und Z in Braunschwarze umwandeln. Das Gen Bl ist identisch 
mit V, welche Bezeichnung fiir dieses Gen schon von Johannsen (1909) 
verwendet worden ist. Z ist kaum sicher zu identifizieren, durfte aber 
am ehesten B sein. Das Symbol Z wurde von E. v, Tsghermak (1912) 
zuerst als Bezeichnung eines Gens fiir Teilfarbigkeit benutzt. 

Nachdem Tjebbes und Kooiman später auch einfarbig »Rote» 
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Samen (Canadian Wonder) kennen lernten, spricht Tjebbes (1931) 
von zwei Genen R und S, wobei R die rote Farbe und S die Streifung 
verursachen soll. Zwischen beiden soll sehr starke Koppelung bestehen 
und Gleiches soll mit C der Fall sein. Tjebbes berichtet 1. c., dass er 
unter 6500 Pflanzen funf Uinkoinbinationen zwischen C (—B) und RS 
und vier zwischen R und S gefunden hat. Die Bezeichnung R fiir den 
»Rotfaktor» wurde von Tjebbes gewählt. Shaw and Norton (1918) 
sprachen von einer Gelb-Schwarz- und von einer Rot-Serie, die sie 
durch ein Gen M bzw. M' bedingt erachten. Das Symbol R wurde von 
mir (Lamprecht, 1933) fur das Farbgen ubernommen, das allein zu- 
sammen mit dem Grundgen P die Testafarbe Blass Triibrosa bedingt, 
Es gibt zusammen mit den verschiedenen anderen Farbgenen von 
Phaseolus imlgaris nicht nur Rote Farbtöne, wie Shaw and Norton 
annahmen, sondern Rote, Violette, Bläuliche, Graue Farben und 
Schwarz. 

Fiir das Verständnis der Wirkung des Gens S ist sein Verhalten zu 
den verschiedenen Testafarbgeiien entscheidend. Und iiber dieses ist 
bisher nur sehr wenig bekannt. Tjebbes erwähnt nur das Vorkommen 
von zwei gestreiften Typen, einen mit Weinroten und einen mit 
Schwarzblauen Streifen. Ira folgenden sollen die Ergebnisse von Kreu- 
zungen mitgeteilt wcrdcn, die die Wirkung von S auf die nunmehr gut 
analysierlen Farbgene C, G, B, V und R in gewissem Ausmasse 
klarlegen. 

Zur G.harakteristik und Bezeichnung der Farben werden benutzt: 

RC = Répertoire de Couleurs publié par la Société francaise des 
('.hrysanthémistes et René Oberthur, Paris 1905. 

CS = Color Standards and Nomenclature by Robert Ridgway, 
Washington 1912. 

FT = Farbentafeln nach Ostwald, bearbeitet von der Deutschen 
Werkstelle fiir Farbkunde. 

Kreuzung Nr. 58, Linie 9 X Linie 27, — Linie 27 stammt aus der 
französischen Wachsbohne De Digoin und hat die Formel P c J g h v r; 
ihre Testafarbe ist in Ubereinstimmung hiermit Rohseidengelb (vgl. 
Lamprecht, 1932 a). Linie 9 stammt aus der französischen Brech- 
bohne Souvenir de Deuil; ihre Samen haben die Testafarbe Amethyst- 
violett gestreift auf Rohseidengelbem Grund. Fiir diese Zeichnung der 
Testa wird im folgenden stets einfacher geschrieben Amethystviolett 
S/Rohseidengelb, Fig. 2 zeigt das Aussehen solcher Samen. In typi- 
scher Ausbildung entspricht die Farbe der Streifen Améthyste Nr, 197 
im RC. Sie zeigt wenig Variation, mitunter ist sie etwas dunkler und 
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ein wenig bläulicher. Sie diirfte mit Tjebbes' »striées bleu grisätre» 
ubereinstimmen. Die Grundfarbe Rohseidengelb dunkelt schnell nach 
und wird in wenigen Jahren Abgestorben Laubgelb (RC 321/3). Damit 
bekommen auch die Streifen ein anderes Aussehen, ihre Farbc wird mit 
Bräunlich durchsetzt. 

Die auf der crsten Generation dieser Kreuzung erhaltenen Samen 
waren jenen der einen Elternlinie, Nr. 9, sehr ähnlicli. Sie unterschie- 
den sich nur darin, dass der Rohseidcngelbe Grund einen mehr odor 
weniger deutlichen Anflug von Hell Amethystviolett zeigte. 

In der zweiten (ieneration wurde eine Aufspaltung in funf ver- 
schiedene Testafarben beobachtet. Tab. 1 zeigt die erhaltenen Indivi- 
duenzahlen und Farbeii. Von diesen sind bisher genelisch analysiert 

TABELLE 1. Aufspaltung des Bastards PP cc JJ gg bb Vv Rr Ss in 

von Kr, 58, 


Tcstafarbe 

Anzahl 

Gefunden 

Pflanzen 

Ervvartet 

D/m fiir | 
12:24:12:12:4 i 

Amethystviolett 5/Rohseidengelb 

101 

92,44 

1,34 

Amethystviolett 5.s/Rohseidengelb mil 




violettem Anflug 

183 

184,87 

0,17 

Eisenhutviolett 

92 

92,44 

0,05 

Weinrot 5/Rohseidengelb ! 

87 

92,44 

0,64 

Rohseidengelb 

1 27 

30.81 

0,71 


Rohseidengelb, PJ, und Eisenhutviolett, PJV (s. Lamprecht, 1939a). 
Da Weinrot S/Bohseidengelb die Gene R und S enthält, haben wir es 
hier demnach mit einer Spaltung in den drei Genen V, R und S zu tun. 
Bei einer Dreigenenspaltung sind 8 verschiedene Homozygoten zu er- 
warten. Hier wurden nur vier erhalten. Die fiinfte Farbe, Amethyst- 
violett Ss*/Rohseidengelb mit violetteni Anflug, hat sich, wie schon die 
Schreibwoise andeutet, als in S heterozygot herausgestellt. Sie spaltete 
in Fs stcts in S, zum Teil auch in V, Zu den Testafarben mit Streifen 
{SS und Ss) ist zu benierken, dass die Grundfarbe, in vorliegender 
Kreuzung Rohseidengelb, stets eine schwache Tönung aufweist, die von 
der Farbe der Streifung herriihrt. So isl der Rohseidengelbe Grund bei 
Samen mit Weinroten Streifen stets ein wenig Rosa getönt 

Der vollständige Ausfall an vier Genotypen ist hier auf die sehr 
starke Koppeluiig zwischen R und S zuriickzufiihren. Mit Hinsicht 
hierauf ergibt sich fiir Fa das folgende Spaltungsschema, das in voller 
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(Jbereinstimmung steht mit den in Tab. 1 mitgeteiltcn Spaltungsergeb- 
nissen. Diese zeigen: 

1) Starke Koppelung zwischen S und R. Unter den 393 Fa-lndivi- 


PP cc JJ gg bb Yv 
Rr Ss 

Araethystviolett SsjRoh 
seidengelb mit ame 
thystviolettem Anflug. 


48 V 


F,: 


16 u 


36 R 


12 r 

12 R 


4 r 


36 YRS, Amethystviolett S und 
Ss/Rohseidengelb 

0 YRs 
0 YrS 

t2 Yrs Eisenhutviolett 
12 V RS Weinrot S und SsjRoh- 
seidengelb 

0 vRs 
0 urS 

4 urs Rohseidengelb 


Spaltungsschema fur Fs von Kreuzung Nr. 58, L. 9 X L. 27. 


duen isi kein einziger Koppelungsbruch zwischen S und R beobachtet 
worden. 

2) ])as Gen S begrenzt in homozygoter Form sowohl die Farben- 
wirkung von R wie von V auf die Streifen. Bei Heterozygotie in S 
wird die durch V bcdingte Farbe nicht vollständig auf die Streifen 
begrenzt, sic tritt in schwächerer Ausbildung, als deutlich amethyst- 
violetter Anflug auch auf der iibrigen Grundfarbe, Rohseidengelb, auf. 

3) Auf das Gen J, das die Rohseidengelbe Grundfarbe bedingt, 
scheint S keinerlei Einfluss zu haben. 

Ob das (ien S nur bei Anwesenheit von R in dominanter Form die 
Streifung bedingt, kann wcgen der starken Koppelung mit R einst- 
weilen nicht entschieden werden. Ist dics nicht der Fall, so sollten bei 
geniigend grossem Material auch Individuen mit Samen erhalten wer- 
den, die eine Eisenhutviolette Streifung auf Rohseidengelbem Grund 
zeigen: J V S r. Wurde S auf Rohseidengelb (/) allein wirken, so soll- 
ten Samen mit Rohseidengelber ^Streifung auf Weiss erhalten werden 
können, analog wie Triibrosa S/Weiss Samen bekannt sind (z. B. Sorte 
Heinrichs Riesen). 

Kreuzung Nr. 55, Linie 9 X Linie 32. — Linie 9, P J V R S, wurde 
in voriger Kreuzung erwähnt, L. 32 stammt aus der französischen 
Brechbohne Coco marbré und hat die Formel P J R S. Ihre Samen sind 
also demgemäss Weinrot S/Rohseidengelb. Fi dieser Kreuzung zeigte 
die Tes taf arbe Amethystviolett S/Rohseidengelb, aber da S homozygot 
ist, ohne den Amethystvioletten Anflug auf der Grundfarbe Rohseiden- 
gelb, so wie dies in Kr. 58 beobachtet worden ist. In F 2 wurde, wie 
erwartet, nur monohybride Spaltung im Gen V beobachtet. Es wurden 
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menhang mit S iiberdies gestreift sein. Dies traf zu. Die Samen zeigten 
die Farbe Schwarzviolett S/Veilchenviolett/Rohseidengelb mit Violeltem 
Anflug. Die in Fa erhaltenen Resultate sind in Tab. 2 zusaminen- 
gefasst. 

Tab. 2 zeigt, dass die 962 Fa-Individuen sich auf 14 verschiedene 
Testafarben verteilen liessen. Zwei Farben, Blass Glaucescens und 
Reinweiss sind allerdings nur mit je einein Individuum vertreten. 
Unter der Voraussetzung, dass die Koppelung zwischen den drei (ienen 
C — ft — S so stark wäre, dass es bei vorlicgender Individuenanzahl zu 
keinem Koppelungsbruch kommt, , sollten nur 12 verschiedene Testa- 
farben auftrcten. Wie aus der Kolonne (ienenspallung in der Tabelle 
hervorgeht, repräsentieren gerade die beiden vorhin erwähnten Testa- 
farben mit je nur einem Individuum einen K()ppelungsbruch zwischen 
einerseits C und andererseits /? — S. Der Crossingoverprozent beträ gt 
hier noch nicht 0,5 % . E>wähnt sei, dass bei der Berechnung der Werte 
fur D/ni auf die genannten beiden abweichenden Individuen keine Riick- 
sicht genommen wordcn ist; die hierdurch bedingte zahlenmässige 
Änderung ist völlig belanglos fur die Beurteilung der Ergebnisse. 

In den anderen Testafarben, die durch einen solchen Koppelungs- 
bruch entstehen könnten, nämlich Eisenhutviolett und Rohseidengelb 
sowie Gestreift auf den E^arben Veilchenviolett, Schamois, Hell Urnbra 
und Geschwefeltes Weiss, wurde kein Individuum erhalten. Die Spal- 
tungsergebnisse zeigen ferner, dass zwischen R und S kein einziger 
Koppelungsbruch hat festgestellt w^erden können. (ianz- und einfarbige 
Samen mit F, wie z. B. Pflaumenviolett usw., fehlen demnach voll- 
ständig. Streifung konnte daher nur beobachtet werden bei Cc- und 
cc-Individuen. Die in C heterozygoten Pflanzen sind daher auch gleich- 
zeitig stets in R und S hcterozygot. Entsprechend dieser Konstitution 
tritt die Streifung auf Cc-inarmoriert auf. Bei dieser sog. Heterozygot- 
marmorierung entsprechen die dunkleren Flecken dem Genotypus mit 
CC, der hellere Grund demjenigen mit cc, aber mit im ubrigen gleicher 
Konstitution fiir die Testafarbe. Die Farbe der Streifen ist bei diesen 
Typen, wie die Namen angeben, stets eine etwas dunklere. Von der 
durch Heterozygotie in R bei ganzfarbigen F-Samen bedingten schwa- 
chen, hauptsächlich um das Hilum erkennbaren Marmorierung (vgl. 
Lamprecht, 1934 c) ist bei diesen gestreiften Typen nichts wahrzu- 
nehmen. 

Kreuzung Nr. 51 hat die genetische Analyse von zwei weiteren 
gestreiften Testafarben erbracht, nämlich: Drab S/Weiss, P VFS, und 
Tröbrosa S/Weiss, P F S. Da die Drab-Streifung auf Reinweissem 
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Grunde aiiftritt, besagt dies, dass das Gen S auch die durch V bedingte 
Farbe Blass Glaucescens auf die Streifen vereinigt. Gleiches ist schon 
in Kr. 58 bei der Farbe Amethystviolett S/Rohseidengelb festgeslellt 
worden. 

Die Farbe der Drab Streifen entspricht — wenn typisch — im CS 
Drab bis Hair-Brown, XLVI, 17"", 0 — 1, im Rt. am nächsten Fischotter- 
farbig, 354/3 — 4. Die Farbe zeigt, wie fast alle mit V in ihrer Konstitu- 
tion, eine beträchtliche Variation; Aschfarbig, RC 358/2 — 4 iiber Fischot- 
terfarbig bis zu Neutraltinte, RC 361/2 — 4. Bei ersterer tritt die Wirkung 
von V stärker zutage, bei letzterer die von R, Die F^arbe der Triibrosa 
Streifen entspricht im ('.S etwa Pinkish Vinaceous, XXVII, 5", d, im RC 
Rötlich Lila, 179/1. Nicht selten ist diese Farbe etwas blasser und 
weniger rein Rötlich Lila, mehr Schmutzig Rosa; doch ist die Variation 
nicht bedeutend. 


TABELLE 3. Die Aufspaltung des Bastards PP cc jjyg hb Vu Rr Ss in 
Fi von Krenzung Nr, Uf2, 


Genen spaltung 

Testafarben 

Anzahl I 

Gefunden 

ndividuen ! 

. . O/m 

Erwartet 

’■ , 1 3 ftS ... 

^ " 1 1 r. ... 

Drab 5/Weiss 

Blass Glaucescens 
Trubrosa ÅVWeiss | 
Reinweiss i 

540 

208 

195 

72 

565,31 

188,44 

188,44 

62.81 

1,61 

1,58 

0,53 

1.20 


Kreuzung Nr. tk2, Linie 107 y, Linie 118. — Linie 107 stammt aus 
einer spontanen Kreuzung in Flageolet Wachs. Ihre Konstitution hiii- 
sichtlich Testafarbe ist P c j g b V r. In Ubereinstimmung hiermit zeig- 
ten die Samen die Farbe Blass Glaucescens. Linie 118 stammt aus der 
Brechbohnensorte Heinrichs Riesen. Sie hat die Formel P c j g b v R S, 
also der Farbe Triibrosa Ä/Weiss entsprechend. Die auf der Fi -Gene- 
ration erhalteiien Samen zeigten die Farbe Drab 5/Weiss, also eine 
schon aus voriger Kreuzung bekannte Testafarbe. 

Die in erhaltenen Spaltungsergcbnisse sind in Tab. 3 wieder- 
gegeben. Sie zeigen das erwartete Resultat. Infolge der starken 
Koppelung zwi.schen R und S wurden nur vier Testafarben gefunden, 
die in dem bifaktoriellen Verhältnis 9 : 3 : 3 : 1 auftraten. Die zahlen- 
mässige Obereinstimraung ist durchweg gul. Neue Testafarben sind 
hier nicht aufgetreten. Die Ergebnisse bestätigen nur die bereits friiher 
gefundenen. Unter den 1015 F 2 -Individuen konnte nicht ein einziger 
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Koppelungsbruch zwischen den beiden Genen R und S festgestellt 
werden. 

Kreuzung Nr 367, Linie 190 X Linie 20L — Linie 190 stammt von 
einer durch spontane Kreuzung in der schwedischen Braunen Bohne 
Apollo aufgetretenen Pflanze. Die Samen dieser Linie zeigen die Testa- 
farbe Mahagonibraun S/Rohscidengelb. Linie 201 stammt aus meiner 
Kreuzung Nr. 12 (s. Lamprecht, 1932 a) und hat Reinweisse Samen, 
sowie die Konstitution P mit allen Farbgenen in rezessiver Form. Die 
Formel von Linie 190 hat sich erst aus vorliegender Kreuzung ergeben, 
sie ist P c J G b V R S, 


TABELLE 4. Die Anfspaltung des Bastards PP cc Jj Gg hb vv Rr Ss 
in ¥2 von Kreuzung Nr. 367. 


Genenspaltung 

Testafarben 

Anzahl Individuen 

D/m 

Gefunden 

Erwartet 




Mahagonibraun SSj^ 






27 RS 

Hohseidengelh 

148 

143,8a 

0,38 




Mahagonibraun Ssj- 





36 G 


Hell Maisgelb 

287 

287,72 

0,05 


48 J 


9 rs 

Maisgelb 

152 

143,86 

0,73 




9 RS 

Weinrot S/Rohseiden- 






12 g 


gelb 

136 

143,86 

0,71 

F,: 



3 rs 

Roliseidengelb 

48 

47,95 

0,01 




9 RS 

Hell Braunrot5/Spcck- 






12 G 


weiss 

135 

143,86 

0,80 


10/ 


3 rs 

Speckweiss 

61 

47,95 

1,95 


4 n 

3 RS 

Triibrosa 5/Weiss 

43 

47,95 

0,73 


^ {/ 

1 rs 

1 Reinweiss 

13 i 

15,98 

0,76 


Da die eine Elternlinie, Nr. 201, sämtliche Farbgene rezessiv hat, 
und beide in c rezessiv sind, wäre zu erwarten gewesen, dass die auf 
Fj erhaltencn Samen in der Farbe ganz mit dem des einen Elters, L. 190, 
ubereinstimmen sollten. Die durch die Gene J und ( 1 ? bedingten Farben 
zeigen ja sonst vollkommene Dominanz. Dies war indessen nicht der 
Fall. Die Farbe dieser Samen war nicht Mahagonibraun S/Rohsciden- 
gelb sondern Mahagonibraun Sä/HcU Maisgelb. Die Grundfarbe war 
Maisgelb, der Formel P J G entsprechend, aber etwas heller. Die Er- 
klär ung dieser Erscheinung gibt die F-^-Generation. Die Spaltung in 
dieser ist in Tab. 4 wiedergegeben. 

Tab. 4 nimmt 9 verschiedene Testaf arben auf. Wie ersichtlich 
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fand eine Spaltung in 4 Genen, J, G, R und S, statt. Zwischen R und S 
konnte auch in dieser Kreuzung mit insgesamt 1023 Individuen kein 
einziger Koppelungsbruch beobachtet werden. Es verbleibt also nur 
Spaltung in drei Genen, da /? 5 als ein einziges Gen zu wirken 
scheinl. In diesen drei Genen wird normale Spaltung, dem Verhältnis 
27 : 9 : 9 : 9 : 3 : 3 : 3 : 1 entsprechend, gefunden. Die gefundenen Indi- 
viduenzahlen stimmen gut mit den theoretisch erwarteten iiberein; 
die Werte fiir I)/m variieren zwischen 0,oi und 1,95. 

Drei neue, bishcr nicht analysierte Testaf arben wurden konsta- 
tiert: Mahagonibraun 5/Rohseidengelb, Mahagonibraim Ss/Hell Mais- 
gelb und Hell Braunrot S/Speckweiss. Die Mahagonibraunen Streifen 
entsprechen im CS Mahogany Red. II, 7, k, im RC Mahagonibraun, 
335/1 — 2. Die Variation dieser Farbe ist ziemlich gering, mitunter ist 
sic heller. Die Farbe Mahagonibraun Ss/Hell Maisgelb beruht, wie 
schon die Sclireibweise Ss andeutet, auf Helerozygotie im Gen S. Damit 
folgt natiirlich auch stets Heterozygotie im (ien R, Die Resultale in Fa 
bestätigteii dies. Solche Samen spalteten nämlich stets wenigstens in S 
und R. Hieraus kann der Schluss gezogen werden, dass S auch das 
Gen G beeinflussl. P J G-Samen sind Maisgelb, P J G R S-Sameii sind 
• nicht Rot gestreift auf Maisgelb, sondern Mahagonibraun gesireift auf 
Rohseidengclb. Die Grundfarbe entspricht also der Formel P J und 
nicht P J G. Der durch G bedingte Farbeneffekt wird demnach durch 
5 auf die gleichcn Stellen der Samen, d. h. auf die Streifen, begrenzt 
wie dies hinsichtlich R der Fall ist. Bei Heterozygotie in 5 ist diese 
Wirkung indessen nur schwach zutagetretend, der Grund der Samen- 
schale ist dann Hell Maisgelb, sowie dies schon in Fi beobachtet wor- 
den ist. Diese Erscheinung biidet ein Gegenstuck zu den Samen der 
Konstitution P c J V R S. Diese zeigten (s. Kreuzung Nr. 58) die Farbe 
Amethystviolett S/Rohscidengelb, aber bei Heterozygotie in S war die 
Grundfarbe Rohseidengclb mit violettem Anflug. Durch SS wird also 
sowohl die Farbwirkung von G (bei Anwesenheit von J) wie von V auf 
die Streifen begrenzt, aber bei Heterozygotie ist diese Wirkung nur eine 
teilweise, denn zum Teil kommt der Effekt dieser beiden Gene dann 
auch auf der Grundfarbe zur Geltung. Die zweite in vorliegender Kreu- 
zung neu erwähnte Farbe ist Hell Braunrot S/Speckweiss. Die Hell 
Braunrote Farbe der Streifen entspricht im CS Terra Cotta bis Ocker 
Red, XXVII, 5" i — XXVIII, 7"; bei besonders guter Ausbildung kann die 
Farbe Deep Corinthian Red, XXVII, 3" i, erreichen. Im RC stimmt 
sie am besten mit Blutrötlich Braun, 337/1, iiberein; jedoch ist die Farbe 
gewöhnlich etwas rötlicher. Die Grundfarbe Speckweiss hat hier ebenso 
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wie bei Weinrot S/Rohseidengelb gewöhnlich einen schwach rötlichen 
Anflug. Ein weiterer Einfluss von S ist bei der hier sehr liellen Grund- 
farbe Speckweiss (G) nicht wahrzunehmen. 


Ein Ruckblick auf die Resultate der vorhin besprochenen fiinf 
Kreuzungen crgibt folgendes. Es wurde die genetische Konstitution 
folgender gestreifter Testaf arben festgestelll: 

Triibrosa S/Weiss, P c j g b v H S, 

Weinrot S/Rohseidengelb, P c J g b v R S, 

Drab S/Weiss, P c j g b V R S, 

Hell Braunrot S/Speckweiss, P c j G b v R S, 

Amethystviolctt S/Rohseidengelb, PcJgbVRS, 

Amethystviolett SÄ/Roliseidengelb mit violettem Anflug, P c J g b 
V R Ss, 

Mahagonibraun S/Rohseidengelb, P c J G b v R S, 

Mahagonibraun Ss/Hell Maisgelb, P c J G b v R Ss, 

In bezug auf die von Tjebbes (1931) aufgestellte Koppelungs- 
gruppe C — R — S wurde folgendes festgestellt. C — R zeigten sehr starke 
Koppelung. Unter 962 Individuen (F 2 ) wurden 2 Koppelungsbriiche 
gefunden. Tjebbes hat hierfiir unter 6500 Individuen 5 Koppelungs- 
biiiche beobachtet. Zwischen R und S konnte von mir unter den hier 
milgeleilten Fo-Generationen mit insgesamt 3552 Individuen kein ein- 
ziger Koppelungsbruch festgestellt werden. Hier ist noch zu erwälinen, 
dass die genannten Kreuzungen auch in F 3 und F 4 sowie weilere 12 
Kreuzungen studiert worden sind, in denen R und S spalteten. Dieses 
Material umfasst ini ganzen etwa 16.000 Individuen. Aber im ganzcn 
Material ist kein einziger sicherer Fall von Koppelungsbruch beobach- 
tet worden. Es fiihrt dies auf den Gedanken, dass es sich nur um ein 
einziges Gen handeln könnte, dass die rote Streifung der Testa bedingt, 
nämlich das Gen S, sowie dies von Tjebbes und Kooiman (1921 a) 
zuerst angenommen worden ist. Und dass das Gen /?, das u. a. mit C 
die Farbe Hell Lila bedingt, nichts mit S zu tun hat. 1st dem so, dann 
wären die von Tjebbes (1931) mitgeteilten vier Koppelungsbriiche 
zwischen R und S unter 6500 Individuen anzuzweifeln und vielleicht 
auf spontane Kreuzung oder andere jetzt nicht mehr kontrollierbare 
Zufälligkeiten zuriickzufuhren. 

Klarlegend werden hier Kreuzungen sein, in denen Linien mit ein- 
farbig rötlichen Samen mit solchen mit rot gestreiften gekreuzt werden. 
Ist S ein Gen, das nur Streifung der Testa bedingt, und die Wirkung 
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des Gens R also auf die Streifen begrenzt, dann musseii die auf Fi 
solcher Kreuzungen erhaltenen Samen irgendwelche Hölliche Streifung, 
aber gieichzeitig keinen Roten Grund aufweisen. Eine solche Kreuzung, 
Nr. 317, wurde ausgcfuhrt und bisher in F, untersucht. Die Eltern 
waren: Linic 118 aus Heinrichs Riesen, P R S, und Linie 165 aus nieincr 
Kreuzung Nr. 49 (s. Lamprecht, 1935), P C R s. Die Teslafarbe der 
ersteren war also Triibrosa S/Weiss, die der letzteren Dell Lila. Die auf 
der Fi-Generation erhaltenen 1310 Samen zeigten nun alle die Farbe 
Dunkel Triibrosa gestreift (S) auf Hell Lila marmorierl (Rr) auf Weiss. 
Die Anwesenheit von S hatte hier demnach keinen Einfluss auf F, den 
R gibt ohne S in heterozygoter Form zusammen mit C Hell Lila mar- 
moriert auf Geschwefeltes Weiss. Und S hat ja laut oben mitgeteilter 
Kreuzung Nr, 51 (Tab. 2) gerade zusammen mit R und C (Cc Rr Ss) die 
TCvSlafarbe Hell Lila Ss/Geschwefeltes Weiss/Weiss verursacht. Von R- 
Marmorierung war hier also nichts wahrzunehmen, sondern die rote 
Farbe war durch S nur auf die Streifen lokalisieri. Dies Ergebnis diirfte 
mit grosser Wahrscheinlichkeit zu dem Schluss berechligen, dass das 
Gen R zusammen mit dem (irundgen P die Farbe einfarbig Triibrosa, 
S dagegen zusammen mit P Triibrosa gestreift auf Weiss bedingt. Mit 
dieser Annahme sind jedenfalls die gefundencn Resultate zu erklären. 
Der letztere Typus Triibrosa S/Weiss wurde u. a. in den Kreuzungen 
Nr. 51, 142 und 367 erhalten. Dieser Testafarbe entspräche dann die 
Formel P c r S, Gleiches gilt fiir die Linien Nr. 118 und 130 aus 
Heinrichs Riesen. Linie 165 mit der Testafarbe Hell Lila hätte dann 
die F^ormel P C R s, Und bei Kreuzung von L. 118 mit L. 165 ergibt 
sich dann: P Cc Rr Ss, also der Testafarbe Dunkel Triibrosa S/Hell Lila 
Fr/Weiss entsprechend. Die Marmorierungen von Cc und Rr fallen 
nämlich in ihrer Zeichnung zusammen. Mitunter kann jedoch, bei 
schwächerer Ausbildung der Fr-Marmorierung, was nicht selten vor- 
kornmt, auch noch etwas von der durch Cc bedinglen Marmorierung 
Geschwefeltes Weiss/Weiss wahrgenommen werden. Klaren Bescheid 
iiber das Verhältnis von F zu S werden die weiteren Generationen 
geben. 

DIE VERERBUNG DER HOMO- UND HETEROZYGOTEN 

MARMORIERUNG* 

Schon E. v. Tschermak (1901, 1902, 1904), der als erster die Ver- 
erbung der Marmorierung studierte, fand sowohl homozygote wie 
heterozygote Marmorierung. Im ersten Fall wurde also monohybride 
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Spaltung nach 3 Marmorieri : 1 Einfarbig, im letzteren 2 Einfarbig : 2 
Marmoriert feslgestellt. Diese beiden Typen von Vererbung der Mar- 
morierung (der eine oder beide) wurden seither von einer Reihe von 
Forschern beobachtet (Emerson, 1904; Shull, 1907, 1908; Emerson, 
1909 a, 1909 b; E. v. Tschermak, 1912; Kajanus, 1914; Shaw and 
Norton, 1918; Tjebbes und Kooiman, 1919 a, 1919 b; Kooiman, 1920; 
SiRKS, 1920, 1922 a, 1922 b; Kristofferson, 1924; Mivake, 1930, Lamp- 
RECHT, 1932 a, 1933, 1935, 1936, 1939 a und Prakken, 1934). Im fol- 
genden werden nur solche Arbeiten beriicksichtigt, die fiir das Verständ- 
nis der bisher aufgestelllen Hypothesen von Belang sind. 

Shull (1. c.) nahm ein Marmorierungsgen M an, das im heterozy- 
golen Zustand Marmorierung bedingen soll. Dieses (len sollte natiirlicli 
auch in weissen Samen (p) latent vorhanden sein können, wodurch 
dann bei Kreuzuiig mit einfarbigen Linien die Fo-Spaltung 6 Marmoriert 
: 6 Einfarbig : 4 Weiss resultierte. 

Emerson (1909 a) nalim zuerst M als (len fiir die konstante Mar- 
morierung an und X als (len, das in heterozygoter Form Marmorierung 
bedingte. Kurz darauf machte sich bei Emerson (1909 b) der Wunsch 
geltend die Vererbung beider Arten von Marmorierung durch eine ge- 
mcinsame Hypotliese genelisch unter eincn Hut zu bringen. Beein- 
flusst durch Spillman wurde (1. c.) folgende Emerson — SpiLLMANsche 
Hypothcse aufgestellt. Es bestehen zwei (lene, Y und Z, die absolut 
gekoppelt sind und Marmorierung tritt nur auf, wenn beide dominant 
anwesend sind. Konslanl marmorierte Samen wären danacli YY ZZ, 
einfarbige YY zz, yy ZZ oder yy zz, Diese Hypothcse steht anscheinend 
sovvohl mit der Spaltung von konstant marmorierlen wie von hetero- 
zygot marmorierten im Einklang. Nach Kreuzung der beiden ein- 
farbigen Typen YY zz X yy ZZ erhält man Yy Zz, also — da beide 
(lene in dominanter Form vorhanden sind — marmorierte Fi. Die 
Nachkommen dieser spalten zufolge der absoluten Koppelung nach 
1 yy zz : 2 YyZz:\ yy ZZ. Wird yy zz mit yy zz oder mit yy zz, 
bzw. yy ZZ mit yy ZZ oder mit yy zz gekreuzt, werden stets nur Kom- 
binationen mit eiitweder allein IT oder ZZ, demnach einfarbige Typen 
erhalten, was gleichfalls oft zu konstalieren ist. Schliesslich ist laut 
dieser Hypothese nach Kreuzung von YY ZZ (konstant marmoriert) mit 
jedem der drei Genotypen yy zz, yy ZZ und yy zz Spaltung im Ver- 
hältnis 3 Marmoriert : 1 Einfarbig zu erwarten, was tatsächlich zutrifft. 
Rassen der Formel yy zz haben bisher indessen nicht angetroffen wer- 
den können. Die Konstitution yy zz wäre ja leicht festzustellen, denn 
eine solche Rasse miisste sowohl mit YY zz wie mit yy ZZ (die bei 
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Kreuzung miteinaiider beständig spaltende marmorierte geben) einfar- 
bige Nachkommen liefern. 

E. V. Tschermak (1912) stellte eine neue Hypothese auf, nach der 
zwischen dem Marmorierungsgen M und dem Grimdgen fur Testafär- 
bung A entweder »Assoziation» oder )>Dissoziation)> bestehen können 
soll. Wenn M mit A assoziiert ist, soll hierdurch die Marmorierung 
zustande kommen. Dieser Wirkung von M auf A soll eine lokale Hem- 
mung der Pigmentbildung (= Marmorierung) entsprechen. Bei Disso- 
ziation soll es keine Marmorierung geben, jedoch soll diese dann durch 
die Heterozygotie ausgelöst werden (1. c. S. 180). 

Shaw and Norton (1918) sowie Miyake (1930j haben sich der 
Emerson — SpiLLMANschen Hypothese angeschlossen. Shaw and Nor- 
ton scheinen als erste das Vorkommen von doppelter Marmorierung 
festgestellt zu haben. Sie teilen die Testafarben in zwei Serien ein, eine 
Rotserie, bei der diese rötliche Farben aufweisen und eine Gelh-Schwarz- 
Serie mit gelben-braunen-schwarzen Farben. Die doppell marmorier- 
ten Samen wurden erhalten, wenn eine konstant marmorierte Hasse 
der Rotserie mit gewissen einfarbigen Rassen der Gelb-Schwarz-Serie 
gekreuzt wurden. 

Kooiman (1920) findet, dass beständig spaltende Marmorierung 
auf Heterozygotie im Farbgen C (von ihm als B bezeichnet, welches 
Symbol bereits fruhcr vergeben war; s. Lamprecht. 1932 a) zuriick- 
znfuhren ist. In seiner später erschienenen Monographie (1931, S. 371) 
fasst er seine Ansicht uber die Vererbung verschiedener Marmorierung 
mit Hinblick auf bis dahin Bekanntes folgendermassen zusamrnen: 

1. True breeding mottling is the effect of a mottling factor M. 
This mottling factor acts with most pigments. 

2. The mottling factor may be latent in white-seeded races, and 
besides in buff (= chamois)-seeded ones. 

3. Inconstant mottling is caused by the hoterogenous condition of 
one of the brown chromogenous factors. B, 

Kristofferson (1924) nimmt zu diesen Hypothesen keine be- 
stimmte Stellung ein, hält sie aber fiir keineswegs voll klarlegend, In 
seinen Formeln verwendet er die Gene Y und Z von Emerson. Gleich- 
wie Shaw and Norton stellt er das Vorkommen von doppelt marmo- 
rierten Samen fast, auf denen also zweierlei verschiedene Marmorierung 
vereint ist. Fa wurde irrtumlicherweise nicht pflanzenweise beurteilt. 
Aber in F» findet er Spaltung nach 9 doppelt marmoriert : 3 einfach 
marmoriert : 3 einfarbig : 1 einfarbig. 

Lamprecht {1932 a, 1933, 1935, 1936, 1939 a) veröffentlichte ein 
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umfangreiches Material, das die Bedingtheit der beständig spaltenden 
Marmorierung durch Heterozygotie in den Genen C und R (je fur sich 
wie auch zusammen) klarlegt. Nunmehr sind sämtliche Kombinationen 
der Farbgene /, G, B, V sowie der Modifikationsgene Vir, Och und 
Flav in ihrem Verhalten zu CC, cc und Cc untersucht (s. Lamprecht, 
1939 und 1940). Fiir die Cc-heterozy goten, marmorierten Farben gilt 
durchweg die Hegel, dass die dunkleren Flecken der Samen die dem 
Genotypus mit C C, der hellere Grund die dem im ubrigen gleichen 
Genotypus aber mit cc entsprechende Farbe aufweisen. Ganz Analoges 
gilt fur die /?r-helerozy goten Samen (soweit diese bisher studiert wor- 
den sind). 

Prakken (1934) bescliäftigt sich recht eingehend mit der Ver- 
erbung der Marmorierung und erörtert die bis dahin vorliegenden 
Hypothcsen. Er stellt danii eine cigene Hypothese auf (1. c. S. 226 — 228), 
laut der beide Arten von Marmorierung durch zwei absolut gekoppelte 
(iene C und M bedingt werden. Diese »neue Hypothese» ist aber im 
Prinzip ganz gleich der Emerson — SpiLLMANschen; der einzige Unter- 
schied besteht darin, dass Prakken die Symbole Y und Z von Emerson 
durch C und M crsetzt hal. (Man vergleiche hierzu Prakkens Spal- 
tungsfiguren 1. c. S. 223 oben und S. 227, die den Ersatz von Y Z durch 
CM klar dartun.) Prakken bezieht also ganz einfach das eine Gen 
Emersons (z. b. Y) auf das nunmehr sehr gute analysierte Farbgen C 
und Z auf M. Im Zeitpunkte der Veröffenllichung Emersons (1909 b) 
war die Wirkung von C noch unbekannt sowie eine klare Farbgen- 
analyse von Phaseohis vulgaris noch nicht vorliegend. 


Ein Riickblick auf bisher iiber Vererbung von Marmorierung be- 
känn te Tatsachen und Hypolhesen ergibt folgendes. Einwandfrei klar- 
gelegt erscheint, dass — bei Dominanz in den Grundgenen fiir Testa- 
farbe P und Gri — durch Heterozygotie im Farbgen C bzw. R (oder 
auch beiden zusammen) Marmorierung bedingt wird. Diese Marmo- 
rierung entspricht der in Fig. 3 wiedergegebenen Zeichnung. Sie besteht 
stets aus zwei Farben, einer helleren Grundfarbe, die dem Genotypus 
mit cc bzw. rr entspricht, und den dunkleren Flecken, dem gleichen 
Genotypus aber mit CC bzw. RR entsprechend. (Wenn die Samen 
uberdies das dominante Farbgen V enthalten, so ist die Grundfarbe 
heller, d. h. die Wirkung von V ist hier schwächer zutage tretend, als 
bei entsprechenden einfarbigen Typen.) 

Eine zweite Feststellung ist die, dass die konstante (homozygote) 

Hereditaa XXV J, 6 
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Marmoricrung iiber einfarbig dominiert, also in Kreuzungen mit ein- 
. farbigen Spaltung nach 3 marmoriert : 1 einfarbig zcigt. 

Eine dritte Feststellung schliesslich ist, dass bei Kreuzung zwischen 
konstant marmorierten mit gewissen einfarbigen Samentypen doppelte 
Marmoricrung resultiert (Shaw and Norton, 1918: Kristofferson, 
1924). Die Doppeltmarmorierten zeigen dann u. a. eine Spaltung nach 
9 doppelt marmoriert : 3 einfach marmoriert : 3 einfarbig : 1 einfarbig. 



Fig. 3. Seclis Samcii mil Heterozygotmarmoriening, dic obcren drei Cc, die 

unleren lir. 


Weitere experimenlelle Tatsachen scheinen nicht bekannt zu sein. 
Da es sich hier in erster Linie um die Beziehungen zwischen konstan- 
ter und heterozygoter Marmorierung handelt, erscheinen zwei Fragen 
von grösstem Interesse: 1) Zeigen diese beiden Typen von Marmorie- 
rung dieselbc Zeichnung, dasselbe Muster auf der Samenschale? und 
2) Gibt es konstante und heterozygote Marmorierung in gleichen Testa- 
farben? — Und auf diese beiden fundamentalen Fragen fur die Beur- 
teilung eines genetischen Zusammenhanges zwischen den beiden Arten 
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von Marmorierung geben die bisher vorliegenden Untersuchungen ent- 
weder gar keinen oder höchstens unklaren Bescheid. 

Was die Hypothesen betrifft nm beide Arten von Marmorierung 
genetisch unter einen Hut zu bringen (Emerson — Spillman, E. v. 
Tschermak, Prakken), so kann E. v. Tschermaks Hypotbese iiber 
»Assoziation» und »Dissoziation» zwischen zwei Genen ohne weiters 
abgelehnt werden; sie ist mit unserer jetzigen Auffassung der Wirkung 
und des genetischen Verhaltens von Genen und ihren Allelen unverein- 
bar. Die Hypothesen von Emerson — Spillman und von Prakken sind, 
wie bereits crwähnt, im Prinzip gleich. Beide nelimen zwei absolut 
gekoppelte (iene an und nur bei Dominanz in beiden soll Marmorierung 
auflreten. Erstere benutzen hierfiir die Symbole Y und Z, letzterer 
C und M; in beiden Fällen werden diese als Marmorierungsgene auf- 
gefasst. Der einzige, aber fur die Frage nach der Vererbung der Mar- 
mor ierungen belanglosc Unterschied ist der, dass Emerson keinem 
seiner Gene Y und Z eine bestimmte Farbwirkung zuschreibt, während 
dies bei Prakken der Fall isl (er benutzt mein Gen C fur Geschwefeltes 
Weiss), Laut dicsen beiden Hypothesen ergeben sich dann die beiden, 
bereits vorstehend mit Formeln erläuterten, möglichen Spaltungsver- 
hältnisse 3 marmoriert : 1 einfarbig sowie 1 einfarbig : 2 heterozygot 
marmoriert : 1 einfarbig. 

Gegen diese beiden Hypothesen können nun schon auf Grund der 
bisher bekannten experimentellen Feslstellungen folgende Einwände 
gemacht werden: 

1) Das Auftreten von doppelt marmorierten Typen, wie es von 
Shaw and Norton (1918) und Kristofferson (1924) festgestellt wor- 
den ist, kann auf Grund dieser Hypothesen weder crwartet noch mit 
denselben erklärt werden. Diese gestalten nur das Auftreten von kon- 
stanter Marmorierung, YY ZZ, von 3 : 1 spaltender solcher, YY Zz und 
Yy ZZ und von heterozygot er, beständig 1:2:1 spaltender, Yy Zz. 
Und diese sind nicht doppelt sondern einfach marmoriert. Da es also 
sowohl einfache wie doppelte Marmorierung gibt, kann fiir beide nicht 
dieselbe genetische Grundlage angenommcn werden. Zumindestens 
mussten diese Hypothesen hierfiir crweitert werden. 

2) Laut der Emerson — SpiLLMANschen Hypothese sollcn einfar- 
bigen Samen die drei Formeln YY zz, yy ZZ und yy zz zukomnien 
können. Es ist nun auf fallend, dass bisher niemals Samen der Kon- 
stitution yy zz angetroffen worden sind. Die Spaltungsresultate aller 
Forscher sind nur durch YY zz und yy ZZ erklärbar. In analoger 
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Weise hebt Prakken fur seine Hypothese hervor (1934, S. 227), dass 
' Samen der Konstitution cc mm bisher noch nicht angctroffen sind. 

3) Sehr auffallend ist schliesslich, dass in den zahlreichen seit 1900 
auf diesem Gebiete erschicncnen Arbeiten auch nicht ein einzigcr b all 
bekannt geworden ist, wo konstante und beständig spaltende Marmo- 
rierung die gleichen Testafarben gezeigt hätten. Zur Erklärung dieser 
Erscheinung musste angenommcn werden, dass YY ZZ andere barbcn 
bedingt als Yg Zz bzw. CC MM als Cc Mm. Diese Genkonstilutionen 
sollten also auch auf die anderen Farbgene einen verschiedeneii Ein- 
fluss ausuben. Oder schliesslich: Es sind im ubrigen gleiche Genotypen 
mit diesen beiden alternativen Konstitutionen bisher niemals erhalten 



Fig. 4. Zwei konstant (=.- homozygot) marmorierte Samen. Linker aus L. 47, Huish 
Boauly, rechlcr aus L. 72, Early Prolific. 

worden. Kiiie bei der jetzt sehr weit vorgeschrittenen Genanalyse der 
Teslafarben allerdiiigs mehr als höchst unwahrscheinliche Aiinahme. 

4) Eiiie Untersiichung der konstant inarmorierten Typen zeigt, dass 
die Testa dieser stets sowohl Marmorierung wie Streifung aufwcist 
(vgl, Fig. 4). Diesbeziiglicli wurde von mir ein sehr grosses Material 
studiert. Alle erreichbaren inarmorierten Handelssorten und viele 
Tausende aus Kreuzungen erhallene Individuen, Bei stärkerer, dunkler 
Färbung ist es mituiiter nicht möglich, diesbeziiglich auf Grund okulä- 
rer Besichligung allein Gewissheit zu erlangen, Die Samen können 
dann nur marmoriert erscheinen. Aber bei Kreuzung mit heller ge- 
färbten Linien hal sich stets herausgestellt, dass auch Streifung vor- 
handen war. Diese Erscheinung sollte auch friiheren Forschern auf 
diesem Gebiete nicht ganz unbekannt geblieben sein. Sie spricht be- 
stiinmt dafiir, dass die Ausbildung von konstanter Marmorierung von 
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der Anwesenheit des Gens S in dominanter Form (Streifung) abhängig 
ist. Die weiter unten mitgeteilten Kreuz ungen werden dies bestätigen. 

Ausgehend von der Annahme, dass die genetische Grundlage der 
konstanten Marmorierung nichts mit der durch Cc (bzw. Rr) bedingten 
lieterozygoten Marmorierung zu tun hat, habe ich in einer friiheren 
Arbeit (Lamprecht, 1933, S. 313) die Möglichkeit eines bindenden Be- 
weises hierfiir in der Spaltung nach Kreuzung von MM CC-Linien mit 
mmec-Linien zu finden gesucht. Die Aufspaltung des in Frage sle- 
henden Bastards Mm Cc sollte dann in Fo folgendes Verhältnis geben: 
1 MMCC:2 MMCcil MM cc:2 A/mCC:4 MM Cc:2 Mmcc:l mmCC 
: 2 mm Cc : 1 mm cc. Da alle Genotypen mit M und Cc marmoriert 
sind, sollte hier das Verhältnis 14 Marmoriert : 2 Einfarbig resultieren. 
Dieses Verhältnis konnte indessen nicht crhalten werden, es ergab sich 
3 Marmoriert : 1 Einfarbig, so wie dies laut der Emerson — Spillman- 
schen (und auch Prakkens) Hypothese zu erwarten war. Wie aber die 
unten folgenden Kreuzungsergebnisse zeigen werden, bilden diese kei- 
neswegs eine Bestätigung dieser Hypothesen sondern lassen sie im 
Gegenleil unhaltbar crscheinen. 


Kreuzung Nr. IH, Linie 127 Liiiie 146. — Die Linie Nr. 127 
wurde von mir aus einer aus Ungarn erhaltenen Samenprobe als Ein- 
niischung ausgeleseii. Sie ist eine kleinsamige Wachsbohne. Die Samen 
sind schön Dunkel Weinrot marmoriert auf Rohseidengelbem (irund. 
Letzterer zeigt häufig eine schwache Rosa Tönung. Bei genauer Unter- 
suchung sieht man deutlich, dass alle Samen ausser Marmorierung 
iiberdies die durch S bedingte Streifung aufweisen. An den Slellen. 
wo Marmorierung und Streifung sich decken, ist das Weinrot dunkler. 
Der zweile Elter, Linie 146, stammt aus meiner Kreuzung Nr. 12 (s. 
Lamprecht, 1932 a). L. 146 ist in allén Farbgenen rezessiv und hat 
nur die beiden (hundgene fiir Farbe, P und Gri, dominant. Da in 
Kreuzung Nr. 12, aus der sie herstammt, keine gestreiftsamigen Pflan- 
zen aufgetreten sind, muss sie auch im Gen S rezessiv sein. 

Die auf der ersten Generation erhaltenen Samen zeigten dassclbc 
Aussehen wie die des cinen Elters, L. 127. In F 2 wurden die in Tab. 5 
mitgeteilten Spaltungsergebnisse beobachtet. 

Wie ersichtlich wurde fiir die rote Streifung nur das Symbol S 
benutzt. Dies geschah mit Hinblick auf die im vorigen Abschnitt mit- 
geteilten Resultate und Erörterungen, die es wahrscheinlich machten, 
dass S allein — also nicht R und S gemeinsam — fur die Streifung ver- 
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antwortlich ist. Fiir die konstante Marrnorierung wurde das dominante 
Gen M verwendet. 

Die Kreuzung zeigte nur eine Zweigenenspaltung. Da auch in 
dieser mit 1033 Individuen keine Spaltung im Gen R stattfand, biidet 
dies eine weitere Bestätigung der eben erwähnten Annahme, dass S 
allein fiir dic Ausbildung von Streifung und roter Farbe verantwortlich 
ist. Der eine Eliter, L. 146, hatte ja bestimmt R in rezessiver Form. 
Ferner isl hier festzustellen, dass Marrnorierung nur zusammen mit 
Streifung auftritt. Diese Erscheinungen diirften a priori in zweierlei 
VVeiseii erklärl werden können. 1) Das Gen M wirkt nur bei Dominanz 
in S (in Kreuzungen, die in C : c spalten, ist iiberdies zu berucksich- 
tigen, dass S stark mit C gekoppclt ist); 2) M ist so stark mit S gekoppelt, 
dass auch bei der hier vorliegenden Individuenanzahl von 1033 kein 
Koppelungsbruch beobachtet werden kann. 


TABEILLE; 5. Die Auf spaltung des Bastards PP cc Jj gg bb vv Ss MM 
in F 2 von Kreuzung Nr. 1A4. 


nncr 

Testafa rben 

Anzahl Individuen 

D/m 



Gefunden 

Erwartet 


|9 SJtf 

12 J 

Weinrol 5M/Rolisei- 
dengelb 

5()0 

581,06 

1,3*2 

F,: 

13 sM 

Rohseidengelb 

213 

193,60 

1,54 

2 

. .(3SJIf 

•'11 sM 

Trubrosa 5M/Weiss 

179 

193,69 

1,17 


Reinweiss 

81 i 

64.r>6 1 

2,12 


Es diirfte unschwer sein unier diesen Annahmen die naheliegen- 
dere zu wählen. Es soll dies ja slets auch die einfachste sein. Und 
das ist ganz zweif ellos Hypothese Nr. 1. Fiir diese spricht auch ganz 
bestimmt, dass bisher keine konstant niarmorierten Samen bekannt 
geworden sind, die nicht auch Streifung, 5, gezeigt hätten. Die Hypo- 
these, dass M nur bei Anwesenheit von S wirkt, erklärt auch völlig die 
vorhin angefiihrte Erscheinung, dass es bislang unniöglich gewesen ist, 
konstante Marrnorierung in denselben E^arben zu erhalten wie hetero- 
zygote, d. h. durch Cc bedingte. Denn im selben Augenblick, wo die 
Einfiihrung von S in die Konstitution Bedingung dafur ist, dass uber- 
haupt konstante Marrnorierung erhalten werden kann, wird auch die 
Testafarbe durch den Roteffekt von S verändert. All dies spricht auch 
ganz entschieden gegen die Hypothesen von Emerson — Spillman und 
Prakken, die konstante und heterozygote Marrnorierung durch eine 
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gemeinsame genetische Grundlage erklären wollten. Weitere Belege 
fiir die Unhaltbarkeit dieser Hypothesen werden Krcuzungen liefern, in 
denen sowohl M wie C spalten. 

Mit Hinblick auf Vorstehendes und in folgenden Kreuzungen fest- 
gestellte Spallungen in M bei gleichzeiliger Anwesenheit von S wurde 
angenommcn, dass L. 146 M in ihrer Konstitution hat. In beziig auf 
die Bezeichnung der Testafarbcn sei hervorgehoben, dass die konstant 
Marmorierten stets durch das Symbol SM nach der dunkleren, die 
Flecken und Streifen bildenden Farbe angegeben werden, also z. B. 
Weinrot SM/Rohseidengelb. Die Farben mit SM sind die gleichen wie 
bei S allein (s. vorigen Abschnitt), nur dass die Farbe an den Stellen 
der Testa, wo sich Marmorierung und Streifung decken, dunklor er- 
scheint. Dies sei auch in die Bezeichnung SM einbegriffen. Die zweite, 
nach dem / angefuhrte Farbe, gibt wie immer die des helleren Grun- 
des an. 

Kreuzung Nr. 149^ Linie 9 X Linie 127. — L. 9 siehc Kr. 58 in 
vorigem Abschnitt. Sie hat die Testafarbe Amethystviolett S/Kohseiden- 
gelb und die Formel P J V S. L. 127 s. vorige Kr. 144; ihre Testafarbe 
ist Weinrot SM/Rohseidengelb, der Formel P J SM entsprechend. Die 
auf Fl erhaltenen Samen stimmen in ihrer Färbung mit L. 9 iiberein, 
nur waren sie marmoriert und gestreift. Ihre Farbenbezeichnung ist: 
Amethystviolett SA//Rohseidengelb, P J V S M. In F^ war eine Spaltung 
in den zwei (ienpaaren V — v und M — m zu erwarten. Dies traf zu. 
Fs wurden folgcnde Zahlen erhalten: 

Gefunden: 299 V M :\2\ V m : 89 n M : 27 v m 

Erwartet: 301,:» » : 100,5 > : I00,r> » : 33,5 » 

D/m fiir 

9 : 3 : 3 : 1 0,2j + 2,27 — 1,27 - - l,i6 

Die erwarteten und gefundenen Zahlen zeigcn befriedigcnde Oberein- 
stimmung. Als neu analysierte Farbe ergibt sich: Amethystviolett SMi 
Rohseidengelh, P J V S M. Eine weitere Erläutcrung zu dieser Kreu- 
zung erscheint uberfliissig, ihre Spaltung steht in voller Ubereinstim- 
mung mit den von mir vorhin gemachten Annahmen. 

Kreuzung Nr. 312, Linie 124 X Linie 130. — L. 124 stammt aus der 
bekannten deutschen Brechbohne Konserva mit bunten Samen. Diese 
zeigen auf weissem (irund Trubrosa bis Lilarosa Marmorierung und 
Streifung. Formel: PS M = Trubrosa SM/Weiss. Linie 130 ist eine 
Geschwisterlinie zu L. 118, die iin vorigen Abschnitt in Kr. 142 beschrie- 
ben worden ist. Sie hat die Formel: P S = Triibrosa S/Weiss. Fj 
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zeigte die Testafarbe von L. 124. spaltete, wie zu erwarten war, 
nach 3 SM : 1 Sm, Es resultierte: 

Gefunden: 420 Trubrosa SAf/Weiss : 147 Triibrosa S/Weiss 
Erwartet: 425,25 » » : 141,75 » » 

D/m fiir 

3:1= 0,51. 

Audi diese Spaltungsresultate bestätigen die vorhin angenommenen 
genetisdien Grundlagen fiir Vererbung der konstanten Marmorierung. 


TABELLE 6 . Die Aufspaltung des Bastards PP cc Jj Gg bb uv Ss MM 
in Fi von Kremung Nr, 197, 



Genenspaltung 

Testafarben 

Anzahl 

Individuen 

D/m 

Gefunden 

Erwartet 



i 27 SM 

Mahagonibraun SMj 






36 G 

Rohseidengelb ... 

175 

164,11 

1 . 1 a 


48 J 

1 9 sM 

Maisgelb 

65 

54,70 

1,52 



1 9 SM 

Weinrot SM/Rohsei- 






12 g 

dengelb.. I 

56 

54,70 

0,19 

fV 


' 3 sM 

Rohseidengelb 1 

12 1 

18,23 

1,49 

s 


1 9 SM 

Hell Braunrot SM/ 






12 G 

Speckweiss i 

51 1 

54,70 

0,54 


16 J 

' 3 sM 

Speckweiss 

12 1 

18,23 

1,49 



4 „ 1 3 SM 

Trubrosa SM/Weiss 

13 1 

18,23 

1,25 



* ^ \ l sM 

Reinweiss ; 

5 : 

6,08 

1 0,44 


Diese wird stets durch das Zusammenwirken der beiden dominanten 
Gene S und M verursacht. 

Kreuzung Nr. 197, Linie 42 X Linie 124. — Linie 42 stammt aus 
der bekannten deutschen Bredibohne Hundert fiir Eine. Ihre Samen 
sind einfarbig Maisgelb; F^ormel P J G. Linie 124 siehe vorige Kreu- 
zung. Die auf Fi erhaltenen Samen zeigten die Farbe Mahagonibraun 
SM/Rohseidengelb. F 2 zeigte die in Tab. 0 mitgeteilten Spaltungs- 
resuliale. 

Die Spaltungsresultate von Kr. 197 bestätigen das friiher Ange- 
fiihrte. Neu sind nur die Genanalysen der beiden Farben Mahagoni- 
braun SM/Rohseidengelb und Hell Braunrot SM/Speckweiss. Auf- 
fallend ist, dass auch in dieser Kreuzung fiir den einfarbigen Elter, 
L. 42, angenommen werden mu.ss, dass er M in seiner Konstitution hat. 
Pas Gleiche war schon in Kr. 144 fur Linie 146 der Fall. 
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Kreuzung Nr. 235, Linie 124 X Linie 161. — L. 124, Formel P SM, 
wurde schon vorhin erwähnt. L. 161 stammt aus der schwedischen 
Wachsbohne Express. Ihre Samen haben die Testafarbe Schamois, 
es ist ein lebhaftes Schamois. Formel P C J (möglicherweise P C Ins; 
ein sicherer Unterschied zwischen Ins und J ist noch nicht festgestellt). 
In dieser Kreuzung ist also eine gleichzeitige Spaltung in beiden Mar- 
morierungen, konstanter und heterozygoter (Cc) zu erwarten. Die 
Samen der Fi-(iencration zeigten in Obereinstimmung hiermit doppelte 
Marmorierung. Sie waren Pflaumenviolett SA//Schamois/Rohseidcn- 
gelb. 


TABELLE 7. Die Aufspaliung des Bastards PP Cc Jj gg bb vv Ss MM 
in Fo von Kreuzung Nr. 235, 


Gciienspaltung 

Testafarben 

Anzahl Individuen 

1 

D/m I 

Gcfunden 

Erwartet 


4 CC 

13 J 

Schamois (hell-dunkler) 

94 

101.44 

0,82 



11 J 

Geschwefeltes Weiss 

35 

33,81 

0,21 



2 J SSM 

PflaumenvioJell SMjUell 







Schamois/Rohseidengelb... 

55 

07,62 

1,64 


8 Cc 

4 J SM.. 

Pflaumenviolett SiW/ Scha- 




fJ 



mois/Rohseidengelb 

145 


0,97 



2 j SM .. 

Hell Lila SM/ Geschwefeltes 

j 


1 




Weiss/Weiss 

1 06 1 

1 ( 

07,62 

0,21 1 



1 J SSM 

Weinrot SMjUcW Rohseiden- j 

1 


i 




gelb i 

36 

33,81 

0,39 1 


4 cc 

2 J SM.. 

Weinrot 5M/Rohseidengelb | 

82 

101,44 

1,87 j 



1 i SM... 

Trubrosa Å'M/ Weiss 1 

28 

33,81 

1,03 i 


Die Tab. 7 zeigl, dass infolge der starken Koppelung zwischen C 
und S kcine CC-lndividiien mit SM erhalten wurden. Ferner ist ersicht- 
lich, dass doppelte Marmorierung nur in der in C heterozygoten Indi- 
viduengruppe aufgetrelen ist. Die weitere Untersuchung der Kreuzung 
in Fa ergab, dass diesc doppelt marinorierten Pflanzen, wie zu erwarten, 
beständig spalteten, so wie dies iibrigens fur Cc-Marniorierung charak- 
teristisch ist. Die Testafarben der doppelt marmorierten Samen ergeben 
auch, dass es sich bei der durch SM und der durch Cc bedingten Mar- 
inorierung um zwei genetisch getrennte Erscheinungen handelt. So 
setzt sich z. B. die Testafarbe Pflaumenviolett SM/Schamois/Rohseiden- 
gelb zusammen aus: 

PP Cc JJ — Schamois/Rohseidengelb (heterozygot marmoriert) und 
PP C J SM — Pflaumenviolett SM/Schamois (konstant marmoriert). 
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Aus der Tabelle isl ferner ersichtlich, dass die Individuen mit J SM in 
ilirer Konstitution in zwei Gruppen sortiert werden konnten, eine mit 
cuner helleren und eine mit einer etwas dunkleren Farbe. Die fur diese 
erhaltcnen Zahlen stimmen gut auf das Verhältnis 1 : 2, d. h. Homo-: 
Heterozygotie in einem Gen. Es muss indessen einstweilen unentschie- 
den verbleiben, ob dies mit Heterozygotie in S oder in J (vielleicht Ins) 
zusammenliängt. Hier sind spezielle Untersuchungen erforderlich. 


Die vorsteliend iiber die Vererbung von konstanter und beständig 
spaltender Marmorierung mitgeteilten Resultate zeigen zweifellos, dass 
diese beiden auf ganz verschiedener genetischer Grundlage stehen. Die 
beständig spaltende Marmorierung ist an Heterozygotie im Gen C ge- 
bunden, die konstante an das Gen M zusammen mit S, Durch Cc 
bedingle Teslaf arben können daher nicht durcli SM erhalten werden 
und umgekehrt. Jedc dieser Marmorierungen kann einzeln oder sie 
können auch gemeinsam auftreten. Im letzteren Fall erhält man 
doppelte Marmorierung, wobei die hellere Marmorierung durch Cc 
bedingt wird, die dunklere durch SM, Die von Emerson — Spillman 
und Prakken aufgestellten, vorhin besprochenen Hypothesen sind mit 
diesen Tatsachen unvereinbar und daher als unluillbar zu streichcn. 

Kann aber nun die von mir vorhin gemachte Annahrne, dass M nur 
bei Dominanz in 5 wirkt, aufrecht erhalten werden? — Offenbar nur, 
wenn die von mir benutzten einfarbigen Linien alle M in ihrer Konsti- 
tution haben. Diese Annahme musste fiir den einen Elter in drei ver- 
schiedenen Kreuzungen gemacht werden, fur L. 146 in Kr. 144, fiir L. 42 
in Kr. 197 und fiir L. 161 in Kr. 235. Diese Annahme erschien wenig 
wahrscheinlich und fiihrle den Gedanken darauf, dass es sich bei den 
Genen S und M um multiple Allele von R handeln könnte. Zur Be- 
stätigung dieser Annahme ausgefiihrter Kreuzungen ergaben die erwar- 
teten Resultate. Eine dieser, Nr. 111, ausgefuhrt zwischen L. 9 und 
L. 146 (beide vorsteliend beschriebene Linien) g^nugte um drei Allelen 
dieser Serie festzulegen. Sie spaltete in Fa in 227 gestreift : 81 einfarbig. 
D/m ist hierfur 0,53. Es ergeben sich dann zusammen mit den zwei 
oben besprochenen Kreuzungen Nr. 144 und Nr. 149 folgende Spal- 
t lingen: 

Kreuzung Nr. 144: L. 146 XL. 127; 3 konstant marmoricrt; 1 einfarbig; 

» Nr. 149: L. 127 XL. 9: 3 » » ; 1 gestreift; 

)) Nr, 111: L. 9 X L. 146: 3 gestreift: 1 einfarbig. 
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Durch dieses Kreuzungsdreieck ist die multiple Allelie von M und 
S mit T in der K-Serie bewiesen. Ober die Zugehörigkeit von Ä, des 
vierten Allels zur Serie, kann kein Zweifel mehr bestehen, da Kreu- 
zungen von /?- mit r-Linien (worunter sich auch oben genannte be- 
finden) stets monohybrid 3 R : 1 r gespalten haben. 

In Obereinstimmung mit diesen Ergebnissen sind die beiden Gene 
und M zu löschen und als multiple Allele an R anzugliedern. Fur 
diese Allelen werden folgende Bezeichnungen vorgeschlagen: 

R^a — Triibrosa marmoricrt und gestreift auf Weiss — Triibrosa 
^C«/Weiss, 

Rst = Triibrosa gestreift auf Weiss = Triibrosa /Weiss, 

R — Triibrosa einfarbig, und 
r = Reinweiss. 

Diese Tcstafarben gelleii natiirlich nur bei Dominanz in den Grund- 
genen fiir Testafarbe P und (Iri sowie bei Rezessivität in allen anderen 
Farbgenen. Bei Dominanz in letzteren werden verschiedene Farben in 
marmorierl, gestreift, bzw, einfarbig erhalten. R (und seine Allelen) 
sind stark mit C gekoppell. Die Dominanzreihenfolge der vier Allelen 
jst noch nicht vollkommen klargelegt. 

Ini folgenden seien die bisher genetisch analysierten konstant mar- 
morierlen Testafarben angefiihrt: 

ITiibrosa /i,„„/VVeiss, P c jgb v 

Weinrot A\„,,/R()liseidengelb, P c J y b v R,^^„ 

Hell Braunrot /i„,jSpeck weiss, P c j G b v 
Mabagonibraun /i„,„/Rohseidengelb, P c J G b v 
Amethystviolefl /?,„„/ Rohseidengelb, PcJybVR„„^ 

An doppell marmorierten wurden analysiert: 

Pflaumenviolelt /?„,„/Schamois/Rohseidengelb, P Cc J g b v R„,„ 

Hell Lila /i^JCiescliwefeltes Weiss/Weiss, P Cc j g b v R^„ 

Sämtlicbe vorstehend besprochenen Kreuzungen wurden auch in 
Fii untersucht und stimmten die Rcsultate mit den auf Grund der 
Fo-Spaliung erwarteten iiberein. 


DIE VERERBUNG DER BESPRITZUNG DER TESTA- 

In einer friiheren Arbeit (Lamprecht, 1934 b, S. 182) wurde der 
'»og. gespritzte Typus von Phnseolus vulgaris beschrieben. Ich erhielt 
diesen seinerzeit u. a. unter der Bczeichnung Plu atropunefafus aus 
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Botanischen Gärten. Es handelte sich aber um keine selbständige Art 
sondern nur iim eine Varietät der gewöhnlichen Gartenbohne. Diese 
^Form gab bei Kreuzung mit Phaseolus vulgaris-Linien durchweg voll 
fertile Nachkommen und zeigte i. ii. keine abweichenden Charaktere. 
Ihrem Habitus nach gehört sie zu den sog. Reiserbohnen, Diese haben 
bekanntlich unbegrenztes Stammwachstum, aber kurze Internodien, 
sodass sie eine Höhe von 60 — 70 cm erreichen. Eine Linie vom ge- 
spritzten Typus, L. 53, wurde zu einer Anzahl von Kreuzungen verwen- 
det. Fig. 5 zeigt die Zeichnung der Samen dieser. Wie ersichtlich 
ist die Testa auf hellerem Grund gleichsam mit feinen, unregelmässigen 
Piinktchen reichlich besprilzt. Eine Vergrösserung dieser Zeichnung 
zeigt Fig. 6. Ausserdem gewahrt man unregelmässig verteilte grössere, 
dunkle Farbflecken. Die Farbe dieser sowie der Punktchen ist Schwarz 



Fig. 5. Ein Samen mit Be.spritzuiig der Testa aus Linie 53 (sog. Phaseolus atropimc- 
tatus). — Fig. 6. Die Zeichnung der Testa eincs bespritzteji Sanicns bei etwa 

60-facher Vergrösserung. 

bis Violeltschwarz. An gewissen Samen kann man deutlich erkennen, 
dass diese grösseren Flecken Rudimente der durch das Allel Rgt be- 
dingten Streifen darstellen (vgl. die vorigen Abschnitte). Eine geneti- 
sche Analyse dieser Bespritzung der Testa sclieini bisher nicht erfolgt 
zu sein. 

Kreuzung Nr. 171, Linie 1 X Linie 53. — L. 1 slammt aus der 
schwedischen braunen Kochbohne Stella. Diese wurde mehrmals 
genetisch untersucht. Hinsichtlich Testafarbe kommt ihr die Konsti- 
tution P C J G b V r zu. Uber die Formel von L. 53, mit Violettschwarz 
bespritzter Testa war bisher nichts bekannt. Die auf der ersten Genera- 
tion erhaltenen Samen zeigten die Testafarbe Schwarz Cc-marpio- 
riert/Graulich Indigo mit Violettschwarzer Bespritzung des Grundes, 
Die Grundfarbe Graulich Indigo ist selten gut ausgebildet sondern 
meistens Graulich Rhamninbraun mit mehr oder weniger deutlichem 
Graulich Indigo Anflug. Der Testafarbe Schwarz/Graulich Indigo kommt 
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laut fruheren Analysen folgende Formel zu: P CcJ G BV; im vorlie- 
genden Fall wäre das neue Gen fur die Bespritzung hinzuzufiigen. Da 
die auf Fi erhaltenen Samen bespritzte Testa zeigen, hat man es mit 
eincr dominanten Eigenschaft zu tun. Da die Samen marmoriert sind, 


TABELLE 8. Die Aufspaltung des Bastards PP Cc JJ GG Bb Vv 
fn F« von Kreiizung Nr. 171, 


1 

G e 

n e n $ p a 1 

tung 

Testafarben 

Anzah 

vic 

Gefun- 

den 

l Indi- 

iien 

Kr- 

wartet 

D/m 



» V r ... 

Schwarz 

107 

11.3,48 

0,66 

1 

12 B 

3 o r ... 

Mineralbraun 

38 

37,83 

0,03 

j 

16 CC 


3 V/-... 

Kaslanienbraun 

28 

37,83 

1,63 



4 b 

Ilar ... 

Bister 

14 

12,81 

0,40 

1 

! 



18 V 

Violetlschwarz B^^J 




1 

1 




/Schwarz/Graulich In- 






o 1 n 


digo 

247 

226,07 

1,57 



jLl JJ 

6 «... 

Purpurschwarz 








neralbraun/Rhamnin- 








braun 

91 

75,66 

1,86 

h\:JG 

32 Cc 


6 V 

DkL Purpur B^jKas- 








lanienbraiin/Agera- 






8 b 


tumblau 

63 

75,88 

1,53 




2 " 

Vandyke Rot B^JBisierj 








/Maisgclb 

17 

25,32 

1,68 




« »' 

Violettschwarz B^.^ 



t 

1 


12 B 


/Graulich Indigo 

122 

113,48 

0,86 




2 »’ IKe, 

Purpurschwarz B^J 








/Rhanininbraun 

32 

37,83 

0,97 


^ lO CC 


3 V 

Dkl. Purpur /?^^^/Agera- 







tuniblau 

29 

37,83 

1,47 


^ b 

1 

Vandyke Rot Ä^p,/Mais- 







aelb 

19 

12,61 

1.81 


soll L. 53 c in ihrer Konstitution habcn, deiin L. 1 hat C und der hetero- 
zygoten Marmorierung von Fi entspricht Cc. Die in Fa beobachteten 
Spaltungsresultatc sind in Tab. 8 zusammengestellt. 

Tab. 8 zeigt, dass wir es hier mit einer Spaltung in 4 Genen zu tun 
haben, und zwar in den gut bekannten Testafarbgenen C, B und V sowie 
in dem Gen, das die Bespritzung der Testa bedingt. Auf Grund der 
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erhaltenen Farben ist ferner ersichtlich, dass beide Eltern in den Genen 
J und G dominant sein mussen. Es wurden 8 verschiedene homo- 
zygote Farben und dementsprechend 4 in C heterozygote, marraorierte 
gefunden. Von besonderem Interesse ist nun die Erscheinung, dass die 
Bespritzung der Testa nur auf Cc- und cc-Samen auftritt. Da auch die 
Elternlinie 53 mit bespritzter Testa cc in ihrer Konstitution hatte, spridit 
dies fur eine sehr starke bzw. absolute Koppelung zwischen C und dem 
noch unbekanntcn Gen fiir Bespritzung der Testa. Ferner ergibt sich 
aus den Teslaf arben der bespritzten Typen, dass diese ein Gen fur 
Rotfärbung enthalten mussen. Als solches ist bisher nur R bekannt. 
Laut der fruheren Auffassung von roter Streifung und Marmorierung, 
als durdi /?, S bzw. M bedingt, wäre hier abermals ein neues Gen 
anzunehmen, das zusammen mit R rote Bespritzung der Testa verur- 
sadit. Und dann wiirde man hinsichtlich der Beziehung dieses neuen 
Gens zu R in genau die gleiche Lage gelangen wie sic friiher fiir S und 
M vorhanden war, d. h. es wäre absolute Koppelung audi zwisdien 
dem neuen Gen und R anzunehmen. Wenn hierzu noch die starke 
Koppelung mit dem Testafarbgen C kommt, die auch fur die /?-Allelen- 
serie gilt, und schliesslich festgcstellt werden kann, dass die Testa der 
bespritzten Samen iiberdies deutliche Reste der durch das Allel R^i 
(friiher S) bedingten Streifen aufweist, diirfie meiner Ansicht kein 
Zweifel dariiber zu bestehen brauchen, dass wir es hier mit eincm 
neuen, fiinften Allel der R-Serie zu tun habeii. Dieses neue Allel will 
ich mit dem Symbol R^es bezeichnen, abgeleitet von rcspergere = be- 
spritzen. Die Ordnungsfolge der nun bckannten fiinf Allelen von R ist, 
wie schon aus dem vorigen Abschnitt hervorgehl, nur zum Teil sicher- 
gestellt. 

In der vorliegenden Kreuzung Nr. 171 wurden folgende vier Typen 
mit liomozy goter bespritzter Testa genetisch analysiert: 

Violettschwarz R^J (^rsLulich Indigo: P c J G BV R^es 

Purpurschwarz /?,.eJRhamninbraun: PcJGBvRres\ die Farbe 
der Bespritzung entspricht CS, XLIV, 65'" m. 

Dkl. Purpur jR^^/Ageratumblau: P c J G b V Rresl Farbe der Be* 
spritzung == CS, XII, 67 m. Die Grundfarbe Ageratumblau ist selten 
typisch sondern gewöhnlich Zimmtbraun mit mehr oder weniger deut- 
lichem Anflug von Ageratumblau. In gleicher Weise ist die Grundfarbe 
Graulich Indigo häufig Rhamninbraun mit Graulich Indigo Anflug. 

Vandyke Rot jR,.^,/Maisgelb: PcJ GbvRre,\ Farbe der Besprit- 
zung =CS, XIII, 1' k. 
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ÖBER DIE FCNF ALLELEN DES GENS R. 

In den drei vorstehenden Abschnitten wurden Vererbungsstudien 
iiber Streifung, konstante Marmorierung und Bespritzung der Tesla von 
Ph, vulgnris mitgeteilt, die schliesslich zu der Erkenntnis fuhrten, dass 
die fiir diese Eigenschaften verantwortlichen Gene zu einer Serie von 
fiinf Allelen des Gens U gehören. Eine kurze zusaminenfassende Be- 
trachtung iiber diese mag hier am Platze erscheinen. 

Die Vererbung von roten, rötlichen bis dunkelvioletten Testafarben 
ist von Genetikern relativ wenig studiert worden. Shaw and Norton 
(1918) teilten die Testafarben von Ph. viilgaris in zwei Serien ein, eine 
Gelb-Schwarz- und eine Rot-Serie, fur die als solche je ein Gen M bzw. 
M' (eine Art Grundgen) verantwortlich gemacht wurde. Kreuzungs- 
ergebnisse, die diese Annalime bestätigten, wurden aber nicht beige- 
bracht. Tjebbes (1931) schreibt die Ausbildung von roten Testafarben 
einem Farbgen R zu. Lamprecht (1935) studierte die Wirkung 
dieses Gens zusammen mit den vorher gut analysierten Farbgenen C 
und J und zeigte u. a., dass R in heterozygoter Form mehr oder weniger 
deutlich ausgebildete Marmorierung der Testa bedingt. 

Das (len R hat gleich den aiideren Farbgenen von Ph. vulgaris, 
C, J, Ins, Can, G, B und V, zusammen mit den Grundgenen fiir Testa- 
farbe P und Gri in dominanter Form eine beslimmte Farbenwirkung 
auf die Tesla. P Gri /?-Samen sind Triibrosa gefärbt. P Gri r-Samen 
sind Reinweiss. Zusammen mit den anderen Farbgenen gibt R ver- 
scliiedene rötliche-braunrole-violetle-schwarze Farben der Testa. — 
Seit langem war nun auch bekannt, dass die Farbe Triibrosa auch 
gestreift (Fig. 2) und konstant marmoriert (Fig. 3) auf Reinweiss vor- 
kommt (die Sorten Heinrichs Riesen und Konserva mit bunten Bohnen). 
Auch andere rötliche, braunrote und dunklere violelt-blauschwarze- 
schwarze Streifung und Marmorierung kommt vor. Fiir die Ausbil- 
dung von Streifung wurde ein besonderes Gen S (E. v. Tschermak, 
1912) und fiir Marmorierung M (Shull, 1908) angenomnien. Spätere 
Untersuchungen von Tjebbes und Kooiman (1921 a und 1921 b) zeig- 
ten, dass R und S ausserordentlich stark (absolut?) gekoppelt sind. 
Uber das Gen M fiir konstante Marmorierung lagen bisher keine dies- 
beziiglich klarlegenden Studien vor. Einige Forscher unternahmen den 
Versuch die durch Heterozygotie in C bedingte und die konstante Mar- 
morierung, M, durch Hypothesen genetisch unter einen Hut zu bringen 
(Emerson, 1909 b; E. v. Tschermak, 1912; Prakken, 1934). 

Auffallend war nun, dass Streifung und Marmorierung stets nur 
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ill gcwissen Farben angetroffen wurden, d. h. in solchen, die durch das 
Gen /?, allein oder in verschiedenen Kombinationen mit anderen Farb- 
genen, bedingt werden. Die vorliegende Arbeit zeigte nun, dass die 
Gene S, M und r bzw. R verschiedene Allelen desselben Gens darstellen. 
Dadurch war naturlich auch die Unmöglichkeit bewiesen, zwischen den 
vermeintlich selbständigen, d. li. von R unabhängigen, Genen S bzw. M 
und R einen Koppelungsbruch anzutreffen. 

Die vorstehend mitgeteilten Beobachtungen zwingen also dazu, die 
friiher fiir Streifung und konstante Marmorierung der Testa benutzten 
Gensymbole S und M zu streichen und durch Allele zu R zu ersetzen. 
Als solche wurden und gewählt. Die von Tjebbes (1931) auf- 
gestellle Koppelungsgruppe C (von ihm mit dem schon friiher vergebe- 
nen Symbol B bezeichnet) — R — S wird hierdurch auf nur zwei Gene, 
C und R, reduziert. In vorliegender Arbeit wurde schliesslich eine neue 
Zeichnung der Testa, sog. Bespritzung, genetisch analysiert. Auch diese 
wird durch ein Rotgen bedingt und es konnte gezeigt werden, dass das 
betreffende (ien sich genau so verhält wie friiher gerade fiir S und M 
angenommen worden ist. Dieses neue Gen stellt mit grösster Wahr- 
scheinlichkeit ein wei teres Allel der /?-Serie dar und wurde in Uberein- 
stimmung hiermit mit dem Symbol R^^^ belegt. 

Die vorgelegten Resultate sind auch entscheidend fiir die Hallbar- 
keit der von Emerson, v. Tschermak und Prakken aufgestellten Hypo- 
thesen zur Erklärung der Vererbung von heterozygoler und konstanter 
Marmorierung. Diese sind als unhaltbar zu streichen. Eine nähere 
Erörterung hieriiber findet sich in dem Abschnitt uber Marmo- 
rierung. 

Hervorgehoben zu werden verdient schliesslich die Erscheinung, 
dass der marmorierte Typus auch gleichzeitig Streifung aufweist. Die 
Wirkung des Allels /?„,«, das ja uber R^t dominiert (Spaltung 3 R^na • 
1 R^t), löscht die Wirkung des letzteren Allels nicht aus, oder besser 
gesagt bedingt also sowohl Marmorierung wie Streifung der Testa. 
Bei dunkleren Farben ist dies allerdings schwer zu erkennen. Ähn- 
liches kann auch in gewissem Grade von R^^ behauptet werden, denn 
dieses Allel bedingt auf der Testa nicht nur Bespritzung mit feinen, 
unregelmässigen Punkten sondern die Testa zeigt iiberdies grössere 
Fleckchen in der Farbe der Bespritzung, die oftmals deutlich als Rudi- 
mente der durch bedingten Streifung erkannt werden können. Die 
feineren Fleckchen und Punktchen der Bespritzung könnten dann die 
durch die Wirkung des Allels aufgelöste Marmorierung darstellen. 
Ausgehend von dieser Cberlegung wurde man dann als wahrscheinliche 
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Reihenfolge fiir die Allelen von R folgende von Dominanz nacli Rezes- 
sivitäl crhalten: — R^^ — — R — r. 

SUMMARY* 

1. The inheritance of the different types of the polychromatic 
seed coat of Phaseolus vulgaris is studied. 

2. These types are the following: a) striped, b) homozygous 
marbled, a type whicli moreover always is striped, c) hetero zygous 
marbled, and d) sprinkled. 

3. It could be staled thal slriped, homozygous (constant) marbled 
and sprinkled seed coat only appears. when the gcne R (for light roseate 
seed coat colour) is dominant. In connection wilh this phenomenon 
tJie gencs, hitherto used for striping, 5, and constant marbling, M. seem 
to be absolutely linked with /?. 

4. Crosses between three pure lines with the constitution R s m, 
R S m and RsM sliowed all monohybrid segregation 3 : 1. Herewith 
it was proved that the three genes jR, S and M are different allels of 
the same gene R. 

5. R shows strong linkage with the seed coat colour gene C 
(already stated by Tjebbes). The same is naturally the case with 
S and M, 

6. In the present paper a new gene is staled for sprinkled seed coat. 
This gene is exactly in the same way as S and M absolutely linked with 
R and shows strong linkage with C. It is evident a new allel of the 
/?-series. 

7. The hitherlo known allels of the /i-series are signified in the 
following way: Rrc^ — /?„,« — R,si — R — r. 

8. The helerozygous marbling of the seed coat is caused by hetero- 
zygosity in C respectively in R. The Cc-marbling is always strong, the 
JRr-marbling contrary more or less indistinet. 

9. In connection with the faet that constant marbling is caused 
by the allel (which moreover causes red colour), the Cc-marbling 
never oceurs in the same colours (excepting black). 

10. The hypotheses of Emerson — Spillman, E. v. Tschermak and 
Prakken to explain the inheritance of heterozygous and homozygous 
marbling from the same genelical point of view must now be considered 
as untenable. 


Hereditan XXVI. 
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FURTHER CONTRBUnONS TO A CHRO- 
MOMERE ANALYSIS OF LILIUM 

By OTTO HEILBOKN 

AGRICULTURAL COLLEGE, UPPSALA 


I N a rccent paper (Heilborn, 1939), tlie writer presented preliminary 
data on the chromomere structure of the pachytene chromosomes in 
LUium umbellatum, The chromomeres were described as chromatic 
discs separated by achromatic material, the pachytene chromosomes 
presenting an appearance essentially the same as that of the salivary 
gland chromosomes of Diptera. This discovery being of a certain 
general importance, further research seemed necessary. The niain 
purpose of such a continued research may be summed up as follows: 
to gather more completc data regarding the chromomeres in LUium; 
to investigate the possibilities of mapping the pachytene chromosomes 
with regard to their chromomeres; to investigate other plants, too, 
thus examining the possibilities of establishing a chromomere analysis 
of a more general seope. 

As the Work proceeded, the writer soon realized that very great 
difficulties are met with. Po.sitive results have as yet been obtained 
only with two species of LUium (L. umbellatum and L. longiflonim) 
and the most evident new contribution is presented by a series of micro- 
photographs which are considered to give a good idea of the chromo- 
meres of these species. As regards the mapping of the chromosomes 
and the investigation of other plants, but little progress has been made. 
Thus before proceeding to a more detailed description of the chromo- 
meres in LUium, a diseussion of the technical and biological conditions 
for a chromomere analysis of plants seems to be appropriate. 


TECHNICAL AND BIOLOGICAL CONDITIONS FOR A 
CHROMOMERE ANALYSIS OF PLANTS^ 

The technique used in the present investigation has been described 
in earlier papers (Heilborn, 1937, 1939). As already pointed out (1; c. 
1939, p, 106), the cell walls of the pollen mother-cells present a 
special difficulty. In order to spread and stretch the chromosomes — 
thus making the chromomeres stand out clearly — it is necessary to 
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squeeze the pollen niother*cells in such a way as to cause the imciei 
to escape out of the cell walls, At the same time, the nuciear nieni- 
brane, too, must be crushed and the chromosomes spread. When a 
piece of tissue from the interiör of an anther is smeared on a slide, 
the majority of the pollen mother-cells are only crushed and flattened 
by the pressure on the cover glass, and the nuclei do not emerge. How- 
ever, round the edge of the smear a border of plasm (without cell 
walls) appcars and a number of nuclei are pushed into this plasm. 
A small proportion of these latter nuclei may have their chromosomes 
favourably spread. Plate I, Fig. 1, shows a piece of such a smear with 
flattened cell walls to the left and at the lop, and plasm with nuclei 
to the right and at the bottom. 

llie pressure on the cover glass has this effect only when Ihe 
amount of tissue smeared is not too small. If it is very small, the method 
is apt to fail (the nuclei then do not escape out of the flattened pollen 
mother-cells). Consequently, the method works relatively well only 
with plants whose anthers have attained a considerable size already al 
the time when their pollen mother-cells enler the pachytene stage. A 
large size is required also for dissecting the anthers and removing the 
anther walls. 

Another technical difficulty lies in the extreme delicacy of the 
chromomeres. They are easily damaged. — Moreover, a successful 
chromomcre analysis requires plant material with few and large chro- 
niosomes. 

Obstacles of a purely biological kind are also met with. The writer 
has observed repeatedly that fully developed chromomeres can be 
obtained only at the very end of the pachytene stage, immediately 
before the four chromatids separale at the beginning of diplotene. The 
general conditions for a good development of the chromomeres are 
obviously the same in the anthers of plants as in the salivary glands of 
the larvae of Diptera. In both cases, a prolonged prophase appears to 
be necessary. The terminalion of this prophase will be the favourable 
moment for the investigator. A little later, the salivary gland tissue breaks 
down at the pupation of the larvae, the chromatids separate at the 
beginning of diplotene in the pollen mother-cells. The transitional stäges 
between the fully developed pachytene and diplotene pass rapidly. 
Hence, the appropriate stage is of short duration, at least in Lilium, and 
is difficult to catch, 

Low temperatures have a favourable effect upon the development 
of the chromomere discs in the salivary glands. The same thing may 
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be assunied with regard lo the pachytene chromomeres. Plant ex- 
periments with temperatures slightly above zero seem, therefore, very 
'desirable. 

Consequently, for a successful chromomere analysis of plants the 
fulfilment of the following conditions seems to be necessary; 

The plants should have large anthers and at the same tiine few 
and large chromosomes. A relatively large amount of pollen mother- 
cell tissue should be used when preparing the smears. The chromo- 
somes should be smeared al the very end of the pachytene stage. This 
stage is short. 


THE CHROMOMERES IN LILIUM- 

General, — When the pachytene reaches its terminal stage, the 
chromomeres appear as sharply outlined discs, some thin, sonie thick. 
The conjugation of the chromosomes is complete, and the chromomeres 
are seemingly quite homogeneous and uniform. All the chromosomes 
in Text-fig. 1 and Plate I belong to this stage. Somewhat later, when 
the chromatids separate at the beginning of diplotene, the discs become 
quadripartite, each consisting of four small chromomeres. The internal 
structure of the chromosomes now becomes somewhat indistinct, and 
the nuclei are no longer quite suitable for cytogenetic purposes. 

As pointed out in my earlier paper (1. c. 1939), some parts of the 
chromosomes contain preponderatingly large chromomeres, others 
smaller ones, in still other parts there is a mixture of different size- 
classes. The largest chromomeres appear as »knobs». The chromo- 
some arm to the left in Pl. I, Fig. 2, contains several thick chromomeres, 
among them one »knob», near the middle of the same figure is an arm 
with numerous, slender chromomeres. To the left of Fig. 4 fPl. I) is 
another arm with mostly slender chromomeres. Figs. 5 — 6 (Pl. I) 
show various size-classes. The chromosome end of Fig. 7 (Pl. I) 
contains one »knob» and, in addition, five slender discs. 

In my previous paper (1. c. 1939, p. 107) a difference betwecn 
Lilium and Drosophila was touched upon: the »knobs» of Lilium are 
never seen in Drosophila, and the numerous, exceedingly delicate chro- 
momeres of Drosophila seemed to be absent in Lilium. The last- 
mentioned statement is confirmed by the study of the wriler’s new 
material. Hence, though the chromosome structure is essentially the 
same in both types of organisms, the general appearance is somewhat 
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different. This circumstance seems to open up a possibility for a 
successful comparative analysis of chromomeres. 

Pairs of chromomeres. — As pointed out earlier (1. c. 1939), at 
many points in the chromosomes discs of eqiial size appear to lie in 
pairs. At certain points as many as 3 — 5 such equally-sized discs niay 
be found together. When a chroniosome is properly stretched, such 
discs of equal size inay be seen lying close together biit separated from 



Fif?. 1. Parts of pachylene chromosomes in Lilium, showiiif» chronioinercs. - 
a -d: L. umhellatum. e: L. longiflorum. — a: Chromomeres of equal size lying in 
pairs (cf. Pl. I, Fig. 6). — b: End of a chromosome with one »knob» and five slender 
discs, the two outermost of equal size, constituting a pair (cf. Pl. I, Fig. 7). — 
c: Another chromosome end (cf. Pl. I, Fig. 8). — d: A Ihird chromosome end. — 
e: Chromomeres of equal size lying in groups of 3—5, groups separated by wide 
achromatic gaps (cf. Pl. I, Fig. 2). 

adjacent chromomeres or groups of chromomeres by somewhat wider 
achromatic pieces: Pl. I, h^ig. 2 (cf. Text-fig. 1 e) and Fig. 6 (cf. 
Text-fig. la). One furtlier case of double chromomeres is seen in 
Pl. I, Fig. 5, and another at the very tip of the chromosome end in 
Pl. I, Fig. 7 (cf. Text-fig. 1 ö). The frequency of paired chromomeres 
seems to be about the same in both Lilium species investigated. In 
some fairly clear chromosome pieces analyzed, out of 1 1 2 chromomeres 
counted in L. umbellatum, 35 or 31 % were found in pairs (or in groups 
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of 3 — 5 j; in L. longiflorum 32 chromomeres of 85 or 38 % were likewise 
in pairs or groups. 

Paired chromomeres have probably arisen by duplication of 
originally single ones. Such duplicated chromomeres are a characteristic 
feature of many parts of the salivary gland chromosomes of Drosophila 
(e. g. the innermost part of the left arm of the third chromosome of 
I). melanogaster) . Similarly, in Sciara Metz (1938) reports numerous 
clear cases of small duplications of discs. Unequal crossing-over may 
be conceived as a possible mode of origin (cf. the very instructive 
discussion by Metz, p. 284). However, nothing particular is known 
about this point, nor do we know much about the genetic effects 
(though some such effects may be taken for granted). 

The first result of a chromomere duplication is a pair of chro- 
momeres. Repeated duplications at the same locus will then give rise 
to rows of several equally-sized discs, and sometimes the process will 
result in the condition, outlined above, in which some parts of the 
chromosomes contain large chromomeres only, others slender ones. 
We have here two different observations, made independently, one of 
characteristic differences in the distribution of thick and slender chro- 
momeres, and another of pairs of chromomeres of equal size, but both 
are probably only two phases of the same phenomenon. 

Repeated duplications of chromomeres may be supposed to have 
given rise to a gradual increase in the length of the chromosomes. In 
fact, the chromosomes of Lilium are known to be unusually long! On 
the whole, the long chromosomes of most higher organisms may have 
been gradually built up of chromomeres in some such way. This inter- 
pretation is speculative, it is true, but it seems to have a certain res- 
emblance to the theoretical views of some authors concerning supposed 
phylogenetic changes of chromosomes through »gradual growth» (cf. 
Reitter’s discussion, 1930, pp. 128, 141). 

Chromosome ends, — It is very difficult (practically impossible) 
lo arrive at a complete chromomere map of the nucleus of a Lilium 
species. The same thing must be true of a great many other organisms. 
However, for certain cytogenetic purposes a knowledge of the structure 
of the chromosome ends only would suffice to furnish much valuable 
information. Thus, for instance, the cytogenelics of Datura is almost 
exclusively founded upon the ends of the chromosomes. Likewise, in 
the cytogenelics of Oenothera and other cases of segmental interchange 
the chromosome ends play an important role. 

I have tried to examine the possibilities of such a type of chro- 
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momere analysis by searching for well-prepared ends of the chromo- 
somes of Lilium umbellatum, Unfortunately, the result is very meagre. 
Chromomere maps of three such ends (oul of 24 ends, corresponding to 
12 haploid chromosornes ) are presented in Text-fig. 1 b — d (cf. also 
Pl. I, Figs. 7 — 8). As seen, the differences in structure are considerable. 
It is true, that I do not as yet know anything about the constaiicg of 
these structural differences, but in view of all experience from Droso- 
phila and Zea mays, as well as, recently, also Antirrhinurn (Ernst, 
1939) such a constancy need not be doubted. 

SUMMARY* 

The Work presents new observations on the chromomeres of two 
species of Lilium, in addition to the preliminary data in the writer’s 
previous paper on the same subjecl. The technical possibilities of an 
analysis of the chromomeres are disciissed. An important biological 
circumstance to be considered is the prolonged prophase that seems to 
be required for a good development of chromomeres. This conclusion 
is based on the observation that well-developed chromomeres are seen 
only at the very end of the pachytene stage, immediately before the 
chromatids separate at the beginning of diplotene. It is also in good 
agreement with the well-known fact that the chromomeres in the 
salivary glands of Diptera do not attain their full size until just before 
the pupation of the larvae. At the end of the pachytene of Lilium the 
chromomeres have the shape of sharply outlined discs, separated by non- 
chromatic parts of the chromosornes. These discs look quite homo- 
geneous; that each of them is composed of four small chromomeres, 
is not shown until the beginning of diplotene. Chromomeres of equal 
size often lie in pairs, sometimes in groups of 3— 5. This phenomenon 
is regarded as being due to duplicalions of single chromomeres. Such 
processes have probably caused a characteristic distribution of the 
chromomeres, often occurring and observed already earlier, viz. that 
some parts of the chromosornes contain mostly thick chromomeres, and 
others slender ones. It may also be concluded that repeated duplications 
of chromomeres result in a gradual increase in chromosome length, a 
circumstance of a certain phylogenetic interest. A difference between 
Lilium and Drosophila is recorded: the former genus lacks the many 
very fine discs characteristic of the latter, but has, instead, a number 
of big »knobs» which are not found in Drosophila, Chromomere maps 
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of a few ends of chromosomes are presented as a tentative contribution 
to a more complete cytologic mapping. 

Uppsala, October 1939. 


EXPLANATION OF PLATE L 

Micropholographs of smeared pollen inolher-cells and pachylene chromosomes 
of Litiuni. Fig. 1: 100 X. Fig. 3: 1300 X. Figs. 2, 4, 7 and 8: 1800 X. Fig. 0: 
1900 X. Fig. 5: 2300 X. Figs. 1 — 5: Lilium longiflorum. Figs. 6 — 8: Lilium um- 
bellatum. — Fig. 1: Smeared pollen mother-cell lissue with flattcncd molher-cells 
and emply cell walls to thc left and al the top, plasm and nuclei, s(|uec*zed out 
of the cells, to thc righi and at the bottom (cf. text). — Figs. 2 — 4: Pachytene chro- 
mosomes with discoid chromomercs, separated by non-chromatic material (Fig. 2: 
cf. Text-fig. 1 c?). — Fig. 5: Detail of Fig. 3. — Fig. 0: Chromomeres in pnirs (lowcr 
chromosome arm; cf. Text-fig. la). — Figs. 7 — 8: Two chromosome ends, showing 
different chroinomere structure (cf. Text-lig. 1 b — c). 
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TRIPLOIDY IN TRITON TAENIATUS LAUR. 

BY J. A. BÖÖK 

INSTITUTE OF GENETICS, LUND, SWEDEN 
(Preliminary Nole) 


R EC.ENT investigalions would appear lo show that polyploidy, 
especially triploidy, is not too rare among amphibiaiis. Triploid 
individuais have boen lound among Aimra wilhin the species Rann 
esculenta (G. and P. Hertwig, 1920; Dalcq, 1930), Rana fusca (Dalcq, 
1930) and Rana pipiem (Parmenter, 1933) as well as among Urodela 
wilhin the species Triton pahnatns (Fankhauser, 1934) and T ritarns 
vir idescens (Fankhauser and Kaylor, 1935). In all of Ihese cases the 
findings were made on larvae or embryos from preserved material. 
More recently, Fankhauser (1938 and 1939) demonstratcd Ihe occurr- 
ence of triploidy in natural populations of Triturus viridescens and 
Eurycea bislineata; among the latter tctraploids were also discovered. 
In Ihese two species Ihe numlKT of chromosomes was delermined by 
studies of mitoses in the tail epitheliuin and connectivc lissue of the 
larvae, tissues of different embryogenic origin. In Triturus viridescens 
the development of the larvae up lo melamorphosis was studied by 
Fankhauser. 

Ill the course of an investigation on the spermatogenesis in Triton 
tceniatus Laur. (syn. Triturus vulgaris L. ), a species very common in 
Sweden, an individual with triploid lesles was found. As triploidy was 
not the object of investigation at the time, the other parts of the animal 
were unfortunalely Ihrown away, and hence it is not possible to asserl 
definitcly that all the cells were triploid. 

Not much can be said, of course, aboul the individual from whicli 
these triploid testes were taken and fixed (in Bouin-Allen’s fluid). In 
general habitus it did not present any deviations from normal diploids. 
Its size was certainly above average, though quite within the range of 
variation. This agrees with Fankhauser s finding (1939 a) in Triturus 
viridescens. 

Histologg of the testes. — A cytological study of the meiosis in this 
triploid is in progress. Abundant divisions of spermatocytes and pre- 
spermatids were observed. The first metaphase shows the cliromosome 
configurations well known from the meiotic divisions in triploid plants 
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(cf. Figs, 1 and 13). It would appear to be the first time these con- 
figurations have been observed in a triploid animal within the vertebrate 
phylum. Fig. 1 shows a completely analysed first metaphase in the 



Fig. 5. Cross section of ampullae testis in triploid. Sperms and pycnotic nuclei. 
Gciitian violet. Photomicrograph. {X 700). — Fig. 6. Gross section of ampullae 
testis in diploid. Gentian violet. Photomicrograph. (X 70). 
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triploid. It will be noticed that there are seven trivalents, four bi- 
valents and seven univalents, these being equivalent to thirty-six chro- 
mosomes (the number of chromosomes in a normal diploid is 24). For 
comparison Fig, 2 shows the corresponding stage in the diploid with 
twelve bivalents. 

It is quite natural that the reduction division in this triploid should 
give rise to pre-spermatids with highly variable chromosome numbers 
(cf. Figs. 3 and 4). Just as a reduced pollen fertility is found in tri- 
ploid plants, a similar sterility might be expected hcre in the shape of a 
partially reduced sperm-cell viability. In spite of the fact that so far no 
sure cases of selective gametic eliniination are knowii in animals, it 
seems highly probable that in the 
present material a number of pre- 
spermatids and spermatids would 
degenerate and be resorbed, owing 
to a highly deviating chromosomal 
constitution (cf. F^ig. 5). A com- 
parison with the diploid shows 
that Ihe number of ripe spt^rms in 
the ampullae testis is substantially 
smaller (Figs. 6 and 7). 

So far as the seelions show, 
the ampullae testis also contain 
typical degeneration produets from 
spermatids that, probably on ac- 
count of changes in the genome, 
have not been ablc to complete 
their development into sperm- 
atozoa. There may accordingly have been present a haplontic sterility 
(MCntzing, 1930). 

The size of the cell nuclei at the beginning of the first prophase 
as measured by their diameters shows an inerease in the triploid by 
about 30 per cent. As yet, however, only a comparatively small num- 
ber were measured. 

Those nuclei which are formed after the first division, correspond- 
ing to the pre-spermatids in the diploid, exhibit an immense variation 
in size. (It may be an open question if a nucleus, for ihstance formed 
by two or three univalents should be called a pre-spermatid or not.) 
This variation depends of course on the varying number of chromo- 
somes (cf. Figs. 8, 9 and 10), In certain cases it was also found that 



Fig. 7. Cross section of ampullae testis 
in triploid. The number of histologically 
normal sperms in the ampullae is lower 
in comparison with Fig. 6. Several pye- 
notic nuclei can be ohserved. Gen t i an 
violel. Photomicrograph. — (X 70). 
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three nuclei are formed at Ihe first telophase. In some cases they are 
of the same size, in others a few univalents form micronuclei. The 



Fig. 8. Rcduced nuclei of diploid testis. Very small variation in size. Gentiari violet. 
Photomicrograph. (X350). — Fig. 9. Rcduced nuclei of the triploid testis. The 
nuclei are on the average Jarger than in Fig. 8 and there is a considerablc variation 
in size. Gentiaii violet. Photomicrograph. (X 350). — Fig. 10. Some rcduced nuclei 
of the triploid testis, showing very clearly the variation in size. Gentian violet. 

Photomicrograph. (X 350). 



Fig. 11. Metaphase plate of mitusis in the triploid. Epithelial cell of epididymis. 
36 chromosomes. (X 2000). — Fig. 12. Photomicrograph of the same plate drawn 
in Fig. 11. Gentian violet. (X 550). 

nuclei of the ripe sperms, i. e. the heads, also exhibit a corresponding 
variation. 

A complete mitotic metaphase plate, which is necessary for an 
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exact count of the chromosome number, was found in an epithelial cell 
of the epididymis (Figs. 11 and 12). In this exaclly Ihirty-six chroino- 
somes could be counted. 


Sex. — Bolh the testes as well as the other sexual organs were 
macroscopically of the same size and appearance as in normal diploid 
males. What this implies from the point of view of scx-determination 
cannot be stated at present, since the sex-detcrmining mechanism in 
amphibians is not yet known, although, as Fankhauser says, »there 
are indications that the male sex is heterogamelic> . Anyhow, the 
mechanism does not seeni to be the same as in Drosophiln (Bridges, 
1922). If it were, triploids 
of the XXX and XXY (ypes 
would be cxpecled, the 
former being females (3X : 

3A) and the latter intersexes 
(2X : 3A). No normal males 
could develop. Now in this 
species there is a male, un- 
doubtedly uniforinly triploid, 
without signs of inlersexual- 
ity. Moreover, Fankhauser 
(1938 c) in the spccies 7>//- 
unis viriclescens described 
one individual which prooved 
to be triploid Ihroughout and 



contained typical testes. 

The facts so far known, 
however, cannot explain the 


Fig. 13. Fir.sl metapliase groups in triploid 
testis. Trivalenls and univalents can be ob- 
served. (lentian violet. Pholoniicrograph. — 
(X 370I. 


mechanism of sex-determin- 


ation in this genus. It is possible that investigations on the sex-differ- 
ence in triploid individuals, cxperimentally produced by cold treatmcnl 
of fertilized eggs (see below and Fankhauser, 1939 b) may Ihrow 
light on this problem. 

Another line of approach is available in the investigation of the 
sex-difference in haploids. Of these, however, as yet only one anjmal 
has been developed so far that the sex could be established, and this 
was a female (Fankhauser, 1938 b). 

l'he possibility of the sex-determining mechanism being pheno- 
typically controlled must be pointed out, although this may be presumed 
to be a less likely conlingency. 
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General discussion, — The occurrence of a probably partially 
ferlile triploid vertebrate in a natural population must be awarded some 
' significance from the points of view of species formation and morpho- 
genesis. The assumption of the partial fertility of Ihis individual is so 
far only based on the histological conditions. Since spermatohisto- 
genesis inhefently possesses a very balanced physiology, there would 
appear to be scarcely any reason to assume that liistologically fully 
normal sperms should not be capable of function. In cases of com- 
plete sterility, e. g. in hybrids, no sperms at all are developed. The 
spermatocyte stage is not passed (e. g. Carina X Anas), On the other 
hand, when mature sperms are discovered in the testes of hybrids, these 
hybrids are also found to be partially fertile (e. g. Serinus seriims X 
S. canarius; Poll and Tiefensee, 1907). 

Phylogenetically it is in principle immaterial whether the in- 
dividual under investigation was a triploid throughout or not. It is 
extremely probable, though, that such was the case, especially in the 
light of Fankhauser’s (1939 b) demonstration that triploid animals 
can be experimentally produced by means of cold treatment of normally 
fcrtilized eggs at the beginning of their developmenl. It is to be assurned 
that Ihis treatment prevents the formation of the second polar body, 
which normally is not formed until after the sperm has entered the egg, 
and the result is a triploid zygote. 

This mode of formation may be assurned with a high degree of 
probability to be responsible for the origin of triploid animals in 
nalural populations of the Triton species in this country. They lay 
their eggs early in spring, often while there is still ice in the water. 
Hence a severe night frost is all that is necded to create the same 
conditions as prevail during the experimental cold treatment. 

Of course, it is also conceivable that a diploid egg-cell may arise 
in some other way than by external action, and at normal fertilization 
give rise to triploidy. Thus, for instance, chromosome bridges were 
twice observed in normal diploids, and one univalent was in one case 
observed, all during the first telophase of spermatogenesis. These three 
findings, however, are not sufficient as a basis for any theoretical 
explanation. Further investigations must,if possible, show the occurrence 
of meiotic disturbances that could give rise to diploid gametes. 

Another conceivable explanation is the formation of unreduced 
sperm-cells, but these would then carry a relatively large amount of 
chromatin, and would probably not be able to compete successfully 
with the normal haploid sperms. 
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Lastly, witli reference to polyspermy (disperniy), a physiological 
fertilization of this kind is of common occurrcnce in the Triton genus 
(cf. Fankhauser, 1924), and a pathological one with accompanying 
multipolar configurations at divisions could, presumably, scarcely lead 
to the origin of a triploid individual. 

Of these different theoretical possibilities, the first (lowered tem- 
perature) appears to me to be the most probable. If this assumption is 
correct, a greater frequeiicy of triploids ought to be found in regions 
where the climate affords the above-mentioned conditions. Furtlier 
investigations will be conducled with a view lo establish the frequency 
ol* triploids in nature. 

As regards the Urodehi, it seems as if triploidy lias no considerable 
influence on tbeir viability. In any case it does not constitute any 
obstacle to the attainment of sexual malurity. A further increase of the 
chromosome nuinber lo tetraploidy, however, results according to 
Fankhauser (1939 b) in a reduction of size and a considerable lowering 
of viability. This would suggest that the aniinal organism is miich 
more st*nsilive than the plant organism to polyploidy. 

According to MCntzing (1936), the occurrence of polyploid series 
among plants is very common. However, no direct homology to this 
has been discoverod in animals, which inight be explained on the above- 
mentioned grounds. The abundant occurrence in triploids of ganieles 
with varying chromosome mimbers indicates, however, a path by which 
ihe chromosome niimber could uiidergo an increase. The previous 
reference to haplontic sterility did not imply that all gametes with 
aberrant chromosome niimbers are eliminated by selection, hut prob- 
ably only the niost extreme ones. Crosses between diploids and tri- 
ploids may reveal whether this possibility has any foundation in 
fact. In plants, however, individuals with exlra chromosomes are 
known to have a reduced viability (cf. Darlington, 1937). 

Another fact of phylogenetic importance that stands out rather 
clearly is that triploids by virtue of the meiotic disturbances which niusl 
occur in them offer greater chances for the origin of new chromosome 
types. In plants, for instance, it has been shown that the frequency 
of structural chromosome changes is considerably increased in triploids 
(cf. MCntzing, 1939, p. 343). 

Appendix, — It was also found that the nuclei of the erythrocytes 
were definitely larger. This indicates that at least the whole mesoderm 
must have been triploid. On the basis of this fact, also found by 
Fankhauser in his material, a method to identify an increased chro- 

IleredUa» XXVI. 8 
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mosome number by blood diagnosis is under elaboration. Il this 
inethod really works it might be extended even to other vertebrate 
classes. 
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FURTHER STUDIES ON APOMIXIS AND 
SEXUALITY IN POA 

BY ARNE MVNTZING 

INSTITUTE OF GENETICS, LUND, SWEDEN 


INTRODUCTION* 

S EVEN years ago tlie present writer reported the occurrcnce ol’ 
apoinictic seed development in Poa pratemia and Poa alpina 
(MUntzing, 1932), and in the same paper llie occurrence of ji sexual 
alpina strain was also described. The cliromosomal conditions in llie 
material studied were found to be peciiliar, the biotypes of botli species 
being characteriz(‘d by various, niostly aneiiploid, chroniosonie num- 
bers. 

Tliese findings have been verified and inuch exiended by several 
workers (Nilsson, 1933, 1937; Rancken, 1934; Kiellandkr, 1935, 1937; 
Åkerberg, 1936 a, 1936 b, 1938, 1939; Flovik, 1938). 

Though progress in niy own Poa investigalions has been vSlovv, 
several data have accuniulated, whicli justify the following report. The 
results chiefly concerii the occurrence and inheritance of apomixis in 
Poa alpina, biit soine observations gathered in Poa pratensis inay be 
recorded at the same time. 


I. THE APOMICTIC BIOTYPES IN POA ALPINA- 

1. MATERIAL. 

Originally, eight apoinictic alpina biotypes were studied. Six of 
these are of Swedish origin, the other two were obtained from Norway 
and Switzerland. Two of the Swedish biotypes are from Korpilombolo 
and Pajala in North Sweden and have the chroniosonie numbers 38 and 
33 rcspectively. A third biotype from Jämtland (Middle Sweden) was 
found to be charaeterized by the chromosome nuniber 38. Of two south 
Swedish biotypes the one from Mösseberg has 2n = 33, whereas the 
other one, from the island of Oland, was found to have 2n = 35. Of 
the foreign apoinictic alpina biotypes the one from Norway (Troms) 
was found to have 38 chromosomes, like the types from Korpilombolo 
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and Jämtland. Finally, Ihe Swiss hiolype (from St. (iothard) re- 
' presented a new number, viz. 2n = 37. 

In addition to Ihese 8 strains, differeiit degrees of apomictic seed 
development were also observed in a new collection of Swiss alpina 
types. This material, however, will be discussed below under a separate 
heading. 

2. CHROMOSOMAL AND MORPHOLOGICAL ABERRATIONS. 

Chromosome counts have revealed the fact that some of the 
strains studied are not absolutely conslant, a cerfain proportion of indi- 
viduals with devialing chromosome numbers being produced. This is 
evident from Table 1, which summarizes all chromosome numbers so 
far obtained in the material in queslion. In strains 3, 4 and 7, the 
values given in the table were all found in a single individual progeny 
after isolation, in the other strains the values represenl the lotal result 
from counts of more than one progeny (cf. below p. 118). In eacli 
strain, however, the different })rogenies gave quite similar results. 

The highest degree of aberranl formation is found in strain No. 8 
(St. Gothard). In this strain (Fig. 17) the chromosome numbers of 27 
individuals were determined, and of these planls 1(> were found to have 
2n = 37. Evidently, this is the typical number of the strain, the remain- 
ing 11 plants having more or less clearly aberrant numbers. Of these 
aberrants those with 45, 67, 72 and 74 chromosomes are quite indisput- 
able, but the other deviations from 37 may be suspected to be due to 
slight errors in counting. The plant with 2n = 33, however, is certainly 
a true aberrant, three rather clear chromosome plates giving the same 
number. The plants having presuniably 36, 38 and 39 chromosomes 
are more dubious, and the evidence that they really differ from the 
typical number 37 is not quite convincing. 

Morphologically, the aberrants with 45 to 74 chromosomes had 
been rccognized to I>e more or less clearly deviating before the chromo- 
some numbers were known. The other plants, including the one with 
2n = 33, were not seen to show any morphological deviations. — The 
six aberrants with high numbers were less vigorous than the typical 
plants. Vigour in this material was estimated by using a scale from 
1 — 10, the higher values representing the more vigorous plants. The 
values of the six aberrants in question ranged from 3 to 5, the average 
being 4,5. The corresponding values of ten typical plants, having 
2n = 37, ranged from 6 to 9 with an average of 8,2. 

The typical chromosome number of the Gotland biotype (Fig. 15) 
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is evidcntly 2n = 33, this number 
being found in 11 out of 15 plants 
studied (Table 1, strain 7). The other 
chromosome numbers are clearly 
deviating (2n = 4I, 49, M and 65 re- 
speciively). An interesting point is 
tliat these aberrants were not detected 
by morphological inspection. Also the 
vigour of the aberrants was in this case 
equal to that of the plants with a nor- 
mal chromosome number. 

Two olher slrains have also pro- 
duced aberrants with high chromo- 
some numbers, viz. the Tronis and 
Mössebcrg strains. In the former a 
plant with 74 chromosomes appeared, 
whereas the lypical number of the 
strain is evidently 38. In the Mösse- 
berg strain 44 ouf of 46 plants were 
found to have 2n = 33. Of the two 
aberrants one had 2n = 52, the other 
2n = 28. The latter plant died before 
morphological noles were made, the 
other aberrant with 2n — 52 had quite 
good vigour but was not observed to 
be morphologically divergent. The 
aberrant plant in the Troms strain, on 
the contrary, was weaker Ihan the 
normal plants and was conspiciious by 
its markedly bluish green leaves, stiff 
panicles and short panicle branches. 

In the remaining four strains (Nos. 
1, 2, 3 and 5) no true aberrations seem 
to occur. The values slightly differing 
from the typical numbers (38, 33, 38 
and 35 respectively) are probably due 
to slight errors in counting. Thus, for 
instance, in one of the plants belonging 
to strain 3 two of the three plates 
studied gave the value 37, while the 
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Ihird plate seemed to contain 38 chromosomes. Therefore, although the 
chromosome number of the plant was considered to be + 37 and given as 
37, in the table, il is possible and even probable that the correct number 
is 38, the typical number of the strain under consideration. The same 
arguments apply to all other deviations by + 1 from the typical number. 
Even an apparent deviation by 2 chromosomes may possibly be due to 
difficulties in counting, especially if the fixations are not very good. 
Thus, in strain 6 Ihere is one value of 37 in the table. This count was 
based oii four plates, giving the values 37, 37, 37 and 35. wSince 35 is 
the normal number in this strain it is not exeluded that 35 is the correct 
number. 

Suniining up, il can be said that jour of Ihe cight strains studied 
seem to be perfectly constant in chromosome number, and this is also 
accompanied by a complete morphological uniformiiy. In ihe four 
other strains a certain proportion of Irue aberranis ivith a slightly 
deviating morphology are produced, but the frequency of aberrants 
differs in different strains. Thus, in strain 8 tliere are at least 7 aberranis, 
which corresponds to a percentage of 25,93 + 8,i3. In slrain 5 the 
corresponding perc(*ntage value is 4,35 + 3,(ii. The difference is 
21 ,r»x + 8,95 and l)/in = 2,ii. The odds that this difference is significant 
are 63 : 1. Il should be reinemhered Ihat the percentage of aberrants 
in strain 8 is a minimum value, the true value probably bciiig somewhal 
higher. Under such circumstances the significance of the difference in 
question is beyond reasonable doubl. — If a higher number of indi- 
viduals had been studied it is (juite possible that a few aberrants would 
have appeared also in the strains Ihal now seem to be perfectly constanl. 
At any rale the percentage of aberrants must, however, be very low in 
these strains. 

It is striking Ihat inost of the aberranis formed have an inereased 
number of chromosomes. In Ihe table there is a total of 14 indisputable 
aberrants, and of these oiily Iwo have lower numbers than nornially. 
Of the 12 aberrants with high numbers 8 plants are exactly or 
approxirnately tetraploid in relation to the normal plants, two aberranis 
are approximate triploids, and the remaining two represent other 
deviations. 

As already meiitioned above, the chromosome numbers of biotypes 
1, 2, 5, 6 and 8 cited in Table 1 represent the sum of chromosome 
counts in more than one progeny. These progenies were partly raised 
after isolation, partly after open pollination. Since it was found, how- 
ever, that in progenies of both kinds the chromosome numbers were 
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qiiite similar only the lotal values are given in Table 1. It sliould be 
mentioned, however, that exactly half of the plants studied were raised 
from a Crossing group consisting of one plant each of the strains 1, 2, 
5, 7 and 8. These plants were put together in an isolation cage in the 
greenhouse, and clouds of pollen were repeatedly induced inside the 
cage by rubbing the plants wilh a stick. This experiment was under- 
taken in order to see, whether a rich access to foreign pollen would 
diminish the constancy of the biotypes, previously observed. If the 
results of isolation and mixed pollination are compared the following 
survey is oblained: 


Strain No. 

Isolation 

Typical plants Aberrants 

Mixed pollination 
Typical plants Aberrants 

1 

6 

22 

- . 

2 

7 

24 

--- 

3 

7 — - 

- 


4 

() 1 

— 

- 

5 

27 1 

17 

1 

6 

39 

— 

— 

7 


11 

4 

8 

(> 

14 

7 


Evidently the inixed pollination did not increase the number of 
aberrants in biotypes 1, 2 and 5. Only in biotype 8 do we find any 
indication of a positive result, all 7 aberrants obtained occurring in the 
progeny from inixed pollination. 

3. THE TYPICAL CHROMOSOME NUMBERS* 

(k)ncerning the typical chromosoinc numbers of the strains studied, 
ii is intcresting to nole that with the exception of the Öland slrain, 
which has 2n = 35, all the other Scandinavian strains have eithcr 33 
or 38 chromosomes. The number 38 is evidently typical of the strains 
from Korpilombolo (in the province of Norrbotten) and Jämtland as 
well as of the Norwegian strain from Troms. As reported previously 
(MOntzing, 1932), the same number was also found in a biotype from 
Pajala (in the same province as Korpilombolo). The Pajala biotype 
considered in the present paper, however, has 2n = 33, and the same 
number is present in the Mösseberg biotype and also in the biotype from 
Gotland. These three localities are separated by wide distances. 
Nevertheless, this identity in rather peculiar cliromosome numbers 
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suggests same kind of relationship within the 38 chromosome as well os 
the 33 chromosome group. Morphologically, however, all Ihe Wotypes, 
even those having the same number, were clearly dislinet. 

The biotype from Oland is rather different from the other Scan- 
dinavian alpina biotypes, not only in its chromosome number (2n = 35) 
but also by the faet tliat it is quite difficult to keep in culture. Several 
progenies of Ihis biotype have been raised, but almost all plants in 
Ihese progenies only survived one summer and died during the follow- 
iiig winter. Thus, in contrast to the other Scandinavian alpina types, 
Ihe Öland apomict sliidied is ephemerical. It remains to be studied 
whether this type also behaves as an annual in its proper habitat. 

4. FERTILITY* 

As already reported in my previous Poa papei\ pollen ferlilily in 
Ihe Poa alpina apomiets is quite good. All data on pollen ferlilily 
available are summarized in the following lable: 

M 

95.0 
91,2 

70.0 
81, H 
88,8 

Slrains 5 and 0 (Mösseberg and Oland) seem to have less good 
pollen ferlilily Ihan the other strains, but more data are needed in order 
lo prove that definilely. TJie main thing, however, is the high average 
pollen fertilily, which is just as good as in any sexual cross-breeding 
plant species (cf. MOntzing, 1939). 

In all strains observed seed produelion was found to be abiindant 
upon open pollination, and no difficullies were encounlered in getting 
j)lenty of seeds on isolated panicles. — Only in one siiigle case was a 
lailiire of seed setting met with. This was in a pot plant of the Gotland 
strain which flowered alone in a relatively dry and warm greenhouse. 
For some reason most of the anthers of this plant did not dehisce, and 
very few seeds were produced in spite of the faet that the female organs 
seemed to be quite normally developed, and the plant was typical 
morphologically. In another plant of the same strain, flowering at the 


Per cent apparently good pollen 

■ 'ö - «“ - 8“ - ^88 " 

1 7 7 

2 1 11 22 34 

5 112 2 118 

() 2 () 1 1 3 22 

8 13 4 8 
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sume time in an isolation ca{{e in thc same greenhouse, pollen as well as 
seed production were found to be normal. Thus, Ihough no direcl 
Crossing experiments liavc been undertaken, the observation made 







\\\^ 

i- _**•“ 





Fig.s. J— Mciosis in llii" ii)>(>mu-tic /'on ulfuna biolyiM' from Pajnla, Norlh Swedi-n 
I2n -- — Fig. 1, 1 — M in sidc view (scparaloly drawnl. ttm + 11,, +2,; Fig. 2, 

1-M in polar vic-w, probalily 2, v + 2,„ + 7„ -F Fig. I - M groiip with mulli- 
\alenl and 7 niiivalonts; Fig 4, innllivalcnls from dilfori-nl 1— M grovips (llu- onc 
lo tho righl not visiblo in ils i-nlire lenglli); Fig. ■). I A willi llu- disfribiiliou 

18 -2/2- 14. 

strongly indicates tliat pollination is necessary for seed development in 
the strain in question. Espccially since Åkerberg (1936 a) bas proved 
Poa pratensis to be pseudogamous, il is quite probable Ihat apomixis 
in Pon alpina is of the same kind. 
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Ii 

Kif»s. 0 — 7. Meiosis in the Pajala apomict of Poa alpina (continued). Fig. 6, 

I— A wilh dicentric chromatid and fragment, 5 univalents divide; Fig. 7, i1-a 
showing division of 7 univalents. ~~ Fig. 8, I— M associations in the apomiclic 
alpina biotype from Mösseberg (2n = 33); from the left to the right: a mullivalent 
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5. MEIOSIS. 

Meiosis in the p. in. c. was mainly siudied in one of the apomictic 
alpina strains, viz. the Pajala strain with 2n = 33. Some additional 
evidence was also galhered from the Mösseberg and Korpilombolo 
strains. 

In the Pajala strain meiosis is rather irregular and iiiay be cbarael- 
erized as folJows: At I— M tbere are plenty of univalents whicb generally 
divide at I A and lag at II — A. As a conseqiience of tbese irregularities 
tbere is a considerable aiiiouiit of clironiosome elimination. Of tlu‘ 

I M associations bivalents are most frequenl, but trivalents also occur. 
Associations of more tban Ibree chromosomes are more rarely mel witli. 
At meiosis no fragments were observed, the univalents being of normal 
size. The strain in <pwsiion may evidently be characlerized as a qnile 
nnhalanced, partially aiitopolyploid, aneuploid. Tbis cbaraclerization 
is based on tbe following detailed observations fcf. Figs. 1 -8): 

At I — M a total of len complete groups were foiind to repr(‘S(*nt tbe 
following eigbt configurations: 

2,v+ ‘^i + 7„ + 5j (1 cell); 3„, + ll„ + 2, (1 cell) 

hv + + 1()„ 4 3, (» > ); 3„, + 10„ 4, (2 cells) 

hv+ + (» 3„,+ 9„-f (), » ) 

1,v-M 2„ + 5, (» » ): l,„-h 13„ + 4, (1 cell) 

Tbus, in all cells stiidied trivalents or quadrivalenls or bolb were 
present. The maximum number per cell of sucb associations is 4 and 
the average number is 2,(). Since tbe fixalion was not ideal, it is 
possibb' tbal tbe interpretation is not always aceurate, but in the main 
tbe configurations given are certainly correcl. Two of tbe configur- 
ations are represented in Figs. 1 — 2. In Fig. l tbere are 3 trivalents, 

II bivalents and 2 univalents, in Fig. 2 tbe configuration is probably 

2,v + 7„ + 5,. Most of tbe trivalents are V-sbaped. Some separate 

trivalents and quadrivalenls are represented in Fig. 4. In Fig. 3 tbe 

composed of 7 or 8 chroinosoinfs, part of a multivalent, a quaflrivak*nt and (for 
comparison) Iwo bivalents from the same group. — Figs. 9 — 11, 1 — M and I — A in 
an Fl hybrid of the cross sexual X apomictic Pon alpina ( 211 ==: 41). — Fig. 9, five 
multivaicnts and for comparison three bivalents and one univalent. The bivalents 
and the univalent are from the same I — M group as the large inullivalent, which is 
probably composed of seven chromosomes; Fig. 10, I — A plates, showing the dis- 
tribution 20 — 21; Fig. 11, I — T, division of three univalents. — Figs. 12 — 13, regular 
I — M in a sexual Poa alpina plant with 2n = 22. Fig. 12, side view (separately 
drawn), lin*, Fig. 13, polar view, ll,|. 
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inetaphase group is characterized by the presence of a big multivalenl. 
consisting of at least four chromosomes. In the same group there are 
as inany as 7 iinivalents. 



Kigs. 14 —17. Four different Pou alpina apomicts, — Fig. 14 reprtjsents ihe biotypc 
from Mösseberg (Soulb Swedeii)» Fig. 15 the biotype Irom the islnnd ol (it)tia!id, 
Fig. 10 Ihe biotypc from Pajaia (North Sweden), and Fig. 17 Ihe strain froin 

St. Gothard (Switzerlaiid). 

The number of univalents at I— M was counted in 50 cells, the 
following distribution being obtaincd: 
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Nimiber of univaleiits: 0 12 3 4 5 6 7 

» » cells: 3 7 13 14 7 5 1 

TJiiis, iinivalenls were present in every cell observed, thcir average 
number bein^» 3,fi8. 

At firsl anaphase dividing univalents were observed in every cell 
(cf. Figs. 6 — 7). The frecjiiency was foiind to be as follows: 

Number of dividing univalents: 1 2 3 4 5 6 7 

» > cells: 2 10 13 8 5 4 1 

Tlu‘ average number is 3,47, which closely corresponds to the 
average number of univalents present at I — M. 

Fi^. 5 shows a first anaphase (somewhat flattened by pressure) 
in which the distribution is 14- 2/2— 18. In addition to these chromo- 
somes tbere is a possible fragment in the upper group. 

A quile clear case of dicentric chronialid and fragment is visible 
in Fig. 6, Thus, the strain in question must be heterozygous for an 
inversion or a duplication. 

lii addition to the data gathered in the Pajala biotype, some ob- 
servations could also be made in the Mössebtjrg strain, which has the 
same chromosome number (2n = 33). Al I — M the chromosome con- 
figiirations are evidently of the same type as in the Pajala strain. 
Fig. 8, third association from the right, represenls a clear quadrivalent. 
l'\)r comparison two bivalents from the same group are drawn to the 
right of Ihis (juadrivalent. In Fig. 8, to the left, tbere are two other 
multiple configurations. One of them (drawn in outline) consists of 
at leasl 6 chroinosoines. The other big niultivalent is also composed 
of several chromosomes but is only partly visible. 

Meiotic irregularities occur not only in the apomicls with 2n — 33 
])i!l were also observed in one of the strains with 38 chromosomes 
(the Korpilombolo apomicl). Also this strain was found to be charact- 
erized by the occurrence of univalents and multivalents, besides bi- 
valents, at 1 — M and showed the usual resultant irregularities at later 
stages. The number of univalents at I -M was counted with the 
following result: 

Number of univalents: 0 1 2 3 4 5 

» » cells: 4 10 24 12 1 2 

The average number is 2,o4 and seems to be lower than the corres- 
ponding valuc, 3,(i8, obtained in a slide of the Pajala apomict (2n = 33). 
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6. EMBRYOLOGY. 

Tlie occurrence of apoinixis iii Poa was first demonstrated by 
cylogenetic mcthods, hut, naturiilly, an embryological verification of 
(he results obtained seemed highiy desirablc. Thereforc embryological 
fixations of some alpina and pratensis strains were made. During a 
slay in Stockholm in 1933 I bad the opportunity of making a prelimin- 
ary study of this embryological material imder tlic guidancc of Pro- 



18 19. The first of eiiihryo-sac dcvelopnuMit in an apoiniclic Poa 

alpina biotype. - Fig. 18, Ihc maerospore niother cell is enlargpd and contains 
several vacuoles; Fig. 19, a developing embryo-sac willi Iwo niielci; no dcgenerating 

maerospores. 

fessor O. Rosenberg. Though, for varioiis reasons, this investigaliou 
was iiever finished onc result obtained may be mentioned. 

In the Pajala strain of Poa alpina (2n = 33) the first stages of 
embryo-sac dcvelopment were observed (Figs. 18 — 19). Without ex- 
ception the embryo-sac was found to develop dircctly from the macro- 
spore mother cell, meiosis thus being omitted. Fig. 18 shows a uni- 
nucleate maerospore mother cell, which is evidently passing through 
the first stages of embryo-sac development. This is evident from the 
conspicuous vacuolisation. In Fig. 19, the next stage, a binucleate 
cmbryo-sac is met with. At this stage no trace of dcgenerating macro- 



Fi{4s. 20 21. Two plants of Ihe si*xual Pon alpina strain from Fursloiialp, Switzcr- 

lanil. Th(* plant in Fif?. 20 has 31 chromosomes, the individual in Fig 21 has 2ii -- 22. 


whicli was highly variable in cliromosome number as well as mor- 
pliology (cf. Figs. 20 — 21). In order to prove tliat this variation was 
due io sexuality, tliree progenies were raised from isolated inotber 
plants, having Ihe chroinosome numbcrs 24, 25 and 31 respectively. 
("hromosomc counts in a lotal of 27 daughter plants revealed the 
variation given in Table 1 of ihe paper mentioned. Since that was 
written a higher number of plants in these progenies have been 
examined cytologically and cbromosome numbers are now available 
for 77 individuals. The chroniosomal variation among these plants is 
given in Table 2. 
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'FABLE 2. Chromosome numhers in progeniea of sexual Pon alpina 

plants. 




” 1 

: Cliromosouie 

Field 

Soinatic cliromosome 

mimber.s I 

n 

mimber of j 

mimber 



i tlic mother j 


21 1 22 . 23 , 24 j 23 \ 2(1 27 28 

2il 3o|3I 32,33| 

j plant 


32 52 ! 1 4 I 5 ! 3 2 I 1 : ! 16 23,25 25 

-~53 , I 9 9 i h! 1 5 , - 1 39 23, oo 24 

-55 ; 1.4 3,5 3 2 I 22 30,23 ' 31 


The followin^» coiicliisions inay be drnwn from the table: a) all 
Ihree mother plants must be sexual; b) there is a slight average de- 
rrease in chromosome mimber, and tlie aberrants wilh lower numbers 
Ihan the mother are more numerous than tliose with higher numbers. 

TIuis, the molher plant having 2n — 25 gave a progeny wilh the 
average chromosome mimber 23 , 2 :>, the corresponding values of the 
other two mother plants being 24 — 23,09 and 31 30,2.3. This average 

decrease is probably diie to meiotic irregularities juid chromosome 
elimination. It may be observed, however, thal the degree of this 
elimination may differ in different planis. Tlius, the motlna’ plant 
32 — 53 is evidently more slable Ihan the 32 -52, judging from a lower 
degree of chromosome variation in the progeny and a very slight de- 
orcase of the average chromosome nuinber. Even in this progeny, 
however, the nuinber of aberrants with lower chromosome numbers 
Ihan the mother is clearly higher than the aberrants with liigher nimi- 
})ers (18 versus 7). 

H. COHRELATION BETWEKN CHROMOSOME XUMBER, VKiOUR 

AND FERTILITY. 

In the three progenies just discussed the chromosome numbers 
vary from 21 to 33, all intermediate numbers also being represented. 
Since variation in viability and fertility was obvious in this material, it 
seemed desirable to test whetlier correlation could be found between 
chromosome nuniber, vigour and fertility. Slarting with chromosome 
mimber and vigour (Table 3) it is surprising to find that these variables 
do not show any obvious correlation. 

Vigour was estimated with the aid of a scale from 1 to 5, the latter 
figure corresponding to the most vigorous plants. In the vigour 
classes 1 — 5 the average chromosome numbers were found to be 22,6; 



APOMIXIS AND SEXUALITY IN POA 


129 


TARLE 3. Correlaiioii hetu>een chromosome number and vigour in a 
sexual strain of Poa alpina. 





Soniatic chroinosome 

numbers 





... 


— 
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5 

22,6 
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j 
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13,2 

1 

- ! 1 

— 

1 
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1 ! 

11 

25,8 

3 


3 

2 I 4 1 

2 

1 — 

— 

3 ! 

— 1 3 


19 

26,2 

; 4 


5 

6 1 6 1 

— ! 


1 

1 

1 


1 23 

24,6 

5 


1 i 

2 1 3 ' - 

2 i 

— i 1 


i — 

— 1 1 


10 1 

25,2 ' 


25.8; 26.2: 24,5 and 25,2 re.s[)eclivcly. The absence of a correlation niight 
[>e suspeeted to be due to the faet that the material is heterogeiious, 
eoiisisling of three differeiit progenies. However, attempls to find a 
correlation wilhin each [)rogeny were equally iinsuccessful. Thus, the 
onty conclusion to be drawn is that weak and vigorous plants are 
present in all chromosome classes in about the same freqiiency. 

Similar attempts to find a correlation between chromosome num- 
ber and pollen ferlilily gav(‘ a!>out the same result (Table 4). In all 
chromosome classes there is a high proportion of quitc male sterile 
individtials with non-dehiscing aiithers, and ainong the pollen pro- 
ducing plants several >vere found to be partially sterile. The plants 
having the lowest chromosome numbers (21 — 23) seeni lo have less 
good pollen than the other plants, hut the number of individuals is loo 
low to furnish definite prooi. 

Wheii sludying fertility and vigour in this material it was observed 
Ihat the male sterile plants with non-dehiscing anthers were characl- 
erized hy their poor tillering, whereas plants with many panicles 


TAl^LE 4. Correlation between chromosome number and fertility in 
a sexu(d strain of Poa alpina. 


Chromosome 

numbers 

Per cent f(ood pollen 

50 60 70 80 90 100 

11 

M 

Quite 

sterile 

Per cent 
quite sterile 

21-23 i 


13 

74,2 

12 

48 

24—26 

2 9 

11 

93,2 

15 

58 

1 27-29 

2 3 

5 

91,0 

' ^ 

17 

i 30-33 


•"i 

87,0 

7 

58 

Total 1 

1 5 4 8 16 

l34 

1 84,7 1 

35 1 

51 


Hcrcdiias XXVI. 
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generally had better fertility. Thus, a quite clear positive correlation 
was found belwcen degree of tillering and male fertility, plants with 
few panicles often having defective anthers. This is evident from the 
following values: 

Degree of tillering 
12 4 5 

Fertile: 5 4 7 4 14 

Sterile: 12 5 — 2 2 

More than half the »sterile» plants with non-dehisciiig anthers 
belong to the poorest tillering dass (1), while the maximum dass of 
the »fertile» plants (producing pollen) corresponds to the best tillering 
dass (5). The significance of the difference in distribution is obvious 
without statistical treatmenl. 

2. SELECTION FOR HIGH AND LOV CHROMOSOME NUMBERS. 

According to the data given above, the chromosome numher in the 
sexual material under discussion is oscillatory and without any clear 
effect on fertility and viability. Under such drcumstances it seemed 
desirable to increase and decrease the chromosome number by selection 
as far as possible. The selection for high numbers was also undertaken 
with the possibility in mind that apomictic strains might be produced 
in this way, the apomictic strains occurring in nature being charact- 
erized by a higher average chromosome number than the present 
sexual material. 

A. SKLECTION FOR HIGH CHROMOSOME NUMBERS. 

In the sexual progenies represented in Table 2 most of the plants 
have the same or lower chromosome numbers than the mother indi- 
viduals. This is also true of the progeny 32 — 55. However, in this, 
as in the other progenies, a few plants had higher numbers than the 
mother. These plants, having 2n = 32 or 33, and some other plants 
with at least 31 chromosomes, were isolated. Five of the isolated 
plants produced seed in the isolation bags and gave rise to the progenies 
represented in Table 5. One progeny (1935 — 9) consists of a single 
plant with 2n = 35, raised from a mother with 2n = 33. Two other 
progenies, 1933 — 12 and 1935 — 12, are also rather small but are 
sufficient to show that variation in the offspring goes in the plus as well 
as the minus direction. Most of the material, however, belongs to the 
progenies 1935 — 10 and — 11, in which chromosome counts are avail- 
able from a total of 102 plants. Due to an error in the work of pricking. 
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the progenies 1935 — 10 and — 11 were 
partially mixed. Fortunately, the mo- 
ther plants had the same chromosome 
number, 31, and thus the chromosomal 
variation in their total offspring is still 
of interest. 

From the lable it is evident that 
chromosomal variation in these pro- 
genies, from mother plants with high 
numbers, is just as great as in the 
original sexual material. Thus, so far 
at least, the selection for high numbers 
has by no means resulted in an 
apomictic tendency. It remains to be 
seen how the individuals with 34 to 64 
chromosomes will behave in the next 
generation, but it does not seem very 
likely that their stability will be in- 
creased. 

Though several plants with high 
chromosome numbers have appeared 
in the progenies under discussion, it is 
obvious that there is a much sironger 
tendency to decrease the chromosome 
number. Thus, in 1935 — 10 H- 11 20 
plants out of 102 had the same chro- 
mosome number as the mother plants 
(2n = 31), 57 plants had lower num- 
bers and 25 plants had higher. If the 
valucs of the other progenies are added 
also, and the values are expressed in 
per cent, the result will be the follow- 
ing: 0/ a total of It A plants 19 per cent 
had the same number as the mother, 
55 per cent had lower numbers and 26 
per cent higher numbers, At least part 
of the minus tendency is certainly due 
to meiotic irregularities and chromo- 
some elimination. 

Though the proportion of plus 
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variatt‘s is relatively low their degree of variation is mucli higher than 
tliat of thc minus variates. In the families 1935-10 and * -11 thc 
iiumorous minus variates comprise only 6 chromosome classes (down 
lo 25h whereas the plus variates represent 14 diffcrent chromosome 
numbers (up to 64). Undoubtedly this very wide plus variation is due 
to the fuiictioning of unreduced or approximately unreduced gametes. 
If such + unreduced gametes unite with reduced ones, wliich certainly 
vary in chromosome number very much, a rather wide range of chro- 
mosomal variation may be expected. Thus, the ten plants with 37 to 
46 chromosomes probably originated in this way. - In some case^ two 
+ unreduct^ gametes may be expected to unite, and this procedure 
may be responsible for the two plants with 57 and 64 chromosomes. 

lii the progenies 1935 — 10 + 11 the chromosome numbers varied 
from 25 lo 64 and at the same time a conspicuous variation in vigour 
was observed. However, also in this material no correlation betweeii 
chromosome number and vigour could be established. Tlie material 
was divided into the chromosome classes 25 — 21 — 29 . . vigour was 
eslimated by means of a scale from 0 to 10. The first value represents 
plants found to be dead in the field, the latter value the mosl vigorous 
plants. In the present material, however, the highest vigour value 
reached was 7. The average vigour values in the different chromosome 
classes were found to be the following: 


C^lass Average vigour Number of individuals 

25 27 4,0 8 

27—29 3,3 16 

29 31 3,7 33 

31-^33 4,3 24 

33 -35 3,9 8 

35- 64 3,0 10 


l'li(*re are no significant differences in vigour between the different 
cliromosome classes. 

A t the same time as the material just discussed, progenies of 
two other categories were grown under the same conditions. These 
categories were firstly five progenies of apomiclic mother plants (the 
Korpilombolo, Pajala, Mösseberg, Gotland and St. Gotliard strains) 
and, secondly, a material of sexual plants selected for low chromosome 
numbers. As will be described below, most of these plants had 22 
chromosomes. 
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It niay be of some intcrest to compare the vigour of these three 
groups of plaiits. The following values wcrc obtained. 


Vigour 


Category 

0 ~2 

— 4 

G 

— 8 — 10 

n 

M ib ni 

Apomictic strains: 

. . B 

32 

153 

22 16 

229 

5, US ± 0,i(» 

Sexual, high numbers: . 

. . 24 

22 

69 

7 

122 

3,% ± 0,i(> 

» , low » : . 

.. 29 

50 

73 

11 

163 

3.81» 0,i:i 


On an average the sexual plants are evidcntly less vigorous tlian 
the apomictic strains. Tliis is cfuite iiatural, since the apomiets are con- 
stant and successful selection produets, the sexual strains, on the con- 
Irary, being highly variable in vigour. Tlius, the occurrence of a con- 
siderable proportion of inferior individuals in the sexual strains is 
responsible for their relatively low average vigour. 

In the sexual material the two groups with high and low chromo- 
some numbers have about the same average vigour. This accords well 
with tlie results described above, which were obtained within the 
material selected for high chromosome numbers and the observations 
made in the primary sexual progenies (p. 128). It demonstrates once 
more a surprising degree of independence between vigour and chrt)mo- 
some number in this material. 

H. SKLECTION FOH LOW CHROMOSOME NUMBERS. 

Already among the 9 plants raised from the original seed sample. 
giving rise to the sexual material, there were two individuals having 
2n = 22 (MRntzing, 1932^ p. 133). Several new plants with 22 chro- 
mosomes appeared in the progenies 32 — 52 and 32 — 53 (Table 2 I and 
even a plant with 2n = 21 was obtained. The latter was poor in vigour 
as well as fertility, and no seeds from isolation could be obtained. 
Among the plants with 2n = 22, however, isolation was more siiccess- 
ful, and progenies were raised from eight different mother plants. 
Chromosome counts were undertaken in these progenies and the result 
is given in Table 0. Of the mother plants cited in this table Nos. 49, 
50, 52 and 57 are sister plants, all of them belonging to progeny 32 — 52 
(Table 2). Plants Nos. 75 and 82 are also sister plants and were ob- 
lained from progeny 32 — 53 (Table 2). Finally, the mother plants 143 
and 144 in Table 6 represent one generation later and are daughters 
of plants Nos. 52 and 57 respectively. 

The main result of the chromosome counts is rather striking. 
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Evideiitly, the great majority of the plants have 22 chromosomes just 
as their mothers, Considering the total values first, the chromosome 
niiinbers of 122 plants were determined, and of these not less than 103 
(84 per cent) had 2n = 22, one single plant had 21 chromosomes and 
18 plants were charaeterized by numbers higher than 22. Two of the 
laller values, viz. 31 and 33, probably resulted from the union of un- 
reduced and reduced gametes, 

The progenies seem to represent different degrees of constancy. 
Taking the extremes, 22,2 + 6,2 per cent of the plants in the of f spring 
of plant 49 have chromosome numbers other than 22. The correspond- 
ing value in the progeny of plant 57 is 7,4 ± 5 ,o. Since the difference 


TABLE 6 . Chromosomnl variation in progenies of sexual alpina plants, 

having 2n — 22, 


Mother plant! 

No. 1 

21 

22 

23 

Somatic chromosome 
24 25 26 27 28 

numbers 

29 30 31 32 33 

1 

49 


35 

5 

2 

1 

1 

- - 1 

1 

1 45 

50 


1 






i 1 

52 i 


31 

4 

1 




i 36 

143 j 


0 






i « 

571 

1 

25 

- 

1 




27 

1441 


2 






' 2 

1 7.5 ^ 

1 

1 

3 






3 

! 82 j 


2 

-- 

— 


1 - — 

1 

4 

( Total 1 

1 

105 

9 

4 

1 

2 - - 

__ I _ 1 

1 124 


is 14, « ± 8 , 1 ) and D/m = 1,85, tlie odds of this difference being significant 
are only 16 to 1 . Tlius, although minor differences in the degree of 
constancy may perhaps oceur, the main result is the remarkable con- 
stancy and the almost complete inability of the mother plants to 
produce offspring with a lower chromosome number than 22. This 
result was, indeed, quite unexpeeted, since mother plants with 25 and 
24 chromosomes had been found to produce a great proportion of 
daughter plants with lower chromosome numbers than the mothers. 

When looking for an explanation of the cytological constancy, the 
first possibility is of course the suggestion that the mother plants had 
become apomictic. In such a case there should have been a sudden 
and simultaneous change from sexuality to apomixis, affeeting all the 
nine mother plants, or at least the seven individuals that were picked 
out directly from the purely sexual material. This does not seem very 
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probable, indeed, and the morphological and cylological results ob- 
tained suggest another cxplanation. 

As always in Poa alpina, under the present conditions of cultivation, 
morphological observations werc sometimes hampered by a rather high 
mortality, many plants having died before the morphological notes 
could be made. Nevertheless, it was obvious that the progenies under 
discussion, haVing predominantly 2n = 22, were not quite as uniform 
as apomictic progenies cultivated at the same time. In the first place 
this was evident by a greater variation in vigoiir. In 1937 vigour was 
estimatcd in a number of progenies of plants with 2n — 22, and at the 
same time comparable material of some apomictic types was available. 
The following values werc obtained (Table 7 j. 


TABLE 7. Vigour in some apomictic alpina strains and in a sexual 
sirain with 22 chromosomes. 


' 1 
j 

j Progeny No. 

1 

1 ! 

Vigour ^ 

0 1 2 3 4 A 6 ; 

M zb m 

0® 

V 

1 

1935—1 (apomictic) 

1 1 

2 - 3 2 24 14 i 45 

3,9« 0,17 1 

1,36 1 

29,5 

: -^2 )) 

1 l 30 20 8 1 60 

4,5b i: 0,n 

0,67 

18,0 

-3 » 

2 - 4 15 22 7 3 ' 53 

3,60 zb 0,17 

j 1,46 

33,1 

—4 » 

2 5 16 7 4 1 34 

3,94 zt 0,23 

1 1,62 

34,3 

; 1935—14 (sexual, 2n = 22) 

4 3 2 4 13 9 1 , 36 j 

' 3,39 zb 0,29 

j 2,«4 

50,7 

1 — 16 » )) 

5 2 6 2 8 0 1 ! 30 1 

2,93 zb 0,34 j 

' 3,45 

63,5 1 

— 18 » )) 

3 2 — 3 11 8 3 I 30 ' 

3,77 zb 0,32 ; 

3,02 1 

46,2 1 


A glance at the distribution will at oncc show that the last three 
series in the table (»2n = 22») are more variable than the apomictic 
progenies. This is confirmed by a calculation of variances and 
coefficients of variation. Among the apomictic progenies the variance 
values (ö‘“') range from 0,67 lo 1,82 and the v-values from 18, o to 34,3. 
Among the progenies from mother plants with 2n = 22 the variance 
values range from 2,94 to 3,4r» and the v-values from 46,2 to 63,5. Thus, 
it is quite clear that the last-mentioned progenies are more variable, 
in spite of the fact that cytologically they are just as stable as the 
apomictic progenies. Disregarding the low proportion of aberrants in 
both categories, the only possible explanation of the observed differ- 
ence in variability must be the assumption that in the progenies with 
22 chromosomes recombination is still going on in contrast to the 
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apomicfic progenies, in which all individuals have llie same geno- 
typical constitution. 


3. MEIOTIC OBSERVATIONS. 

A. REGULAR MEIOSIS IN A PLANT WITH 2n = 22. 

The assumption of a genotypical recombination in straiiis witli a 
stable chromosome number of 22 seems stränge when considering the 
high degree of chromosomal variation in all relaled sexual progenies 
and the high degree of meiotic irregularities observed in two of the 
apomictic biotypes. Nevertheless, cytological observations in one of 
the mother plants with 2n = 22 confirmed the assumption. In plant 
No. 57 (cf. Table 6) first metaphme wm found to be characterized by 
a regular occurrence of 11 bivalents. Two complete I — M groups from 
this plant are rcprescnted in Figs. 12 and 13. and in both these groups 
there is a perfect regularity. Many othcr 1 — M groups showed the 
same regularity, and in some of them the chromosome configuration 
was analysed and found to be llj,. No univalents or multivalents were 
seen at this stage, and also interphase, second metaphase and anaphase 
were apparently quite free from disturbances. Only in one single case 
was an eliminated chromosome observed at 11 — M. 

The observed meiotic regularity evidently explains the conslant 
chromosome number in the off.spring. Accordiiig to Table 6, 27 
daughter plants have been raised from planl No. 57 and of these 25 
were found to have 2n = 22. Two granddaughter plants (from plant 
No. 144) also had 22 chromosomes. — Though meiosis was only 
examined in one of the mother plants there is every reason to believe 
Hiat the conslant or almost constant chromosome number in the other 
progenies is due to a similar meiolic regularity in the rcspective mother 
plants. Thus, from o material with oscillating chromosome number 
a stable strain has ariseii, in which chromosome variation is verv 
slight. It is quite remarkable that this constancy should be reached 
at the chromosome number 22, the basic number of the genus Poa 
undoubtedly being 7 (cf. MPntzing, 1932, p. 147 and Nannfeldt, 
1937 a). This transition from the basic number 7 to the basic number 1 1 
will be further considered below (p. 182). 

B. IRREGULAR MEIOSIS IN A PLANT WITH 2n • - 26. 

That the regular 22-chromosome plants are exceptional among the 
sexual material studied is also evident from observations made on a 
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sexual plant with 2n — 26. This plant was one of the iiine plants 
raised from the original seed samplc (cf. Mt^NTZiNG, 1932, p. 133). 
Meiosis in this individual was found to be quite irregular and of a 
similar type to that of the apomictic strains studied. 

Thus, at — M univalents and trivalents were observed in addition 
to bivalents. Probably also larger associations than trivalents occurred 
but in a low frequency. The following configurations were observed: 
liii + llii H- li (2 cells); 1,„ + 10„ + 3, (1 cell); 2„, + 9„ + 2, (1 cell) 
and 3ji, -f + Ij (1 cell). The two last-mentioned configurations are 
probably correct, but owing to poor fixation they are not entirely 
reliable. The group with liii+10„ + li, on the other hand, was 
quite clear. 

At first anaphase division of univalents was observed and at inter- 
j)hase micronuclei were frequent. Eliminated chromosomes were also 
of a common occurrence at II — M, and at II — A lagging chromosomes 
w(‘r(‘ seen. The frequency observed was the following: 

Number of lagging chromosomes: 0 12 3 4 

» » II A groups: 24 20 18 5 2 

'Fhe average number is l,i4, which corresponds well with the nuni- 
ber of univalents observed at I— M. 

Though the meiotic observations in this plant are fragmentary, 
they are evidently sufficicnt to show that a plant of this kind will form 
gainetes with variable chroinosome numbers, and that tliere is a certain 
degree of chroinosome elimination. These observations are in accord- 
ance with the fact that in progenies of sexual (ilpiivi plants, with more 
llian 22 chromosomes, the chroniosome numbers were found to be 
variable and on an average lower than in the mother plant. Unfortun- 
ately, no progeny was raised from the particular plant studied, but 
progenies of soine sister plants gave the chroinosomal variation re- 
prescnted in Table 2. Under such circumstances il is clear that meiosis 
in these sister plants was of the same irregular type. 

C. ON THE OCCUBHENCE OF UNREDUCEI) POIJ.EN GBAINS. 

lligh cliromosome numbers among the sexual material were not 
only obtained by raising progenies from plants with at least 31 chro- 
mosoines. In one case such high numbers were also obtained in the 
progeny of a mother plant with only 24 chromosomes. This plant was 
isolated and gave a total of 22 seeds in the isolation bags. From these 
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seeds only three daughter plants were obtained. These plants were 
rather poor in vigour and to my surprise they were found to have 
'the somatic chromosome numbers 45, 46 and 48 respectively. Since 
these plants represented an approximate or exact doubling of the chro- 
mosome number, the pollen of the mother plant was studied. The 
suspicion that the chromosome doubling was brought about by the 
union of unreduced gametes was confirmed by pollen measurements. 
At the same time it was found, however, that two classes of pollen grains 
were not always produced by the plant in question. 

Pollen samples were measured three times, the samples being 
collected on June lOth, 13th and 16th (1933). The distributions found 
were the following: 


Pollen diameter 


Units: 15 - 

18 — 

21 — 

24 -27 

— 30 

— 33 

— 36 

— 

— 42 

-45- 48—51 

n 

June lOth: 1 

9 

19 

53 

14 

21 

23 

9 

9 

3 3 1 

165 

» 13th: 18 

25 

71 

41 

12 

13 

3 




183 

» 16th: 1 

2 

16 

30 

11 

34 

49 

15 

3 

2 2 

165 

Total: 20 

36 

106 

124 

37 

68 

75 

24 

12 

5 5 1 

513 


In the first and especially the third sample the distribution is bi- 
modal, one maximum being situated between 24 and 27, the other be- 
tween 33 and 36. The sample taken on June 13th, on the contrary, 
does not show more than one maximum. Evidently this maximum 
corresponds to the lower maximum in the other two series. If all values 
obtained from the plant are added, the total series will be bimodal. It 
is highly probable that the lower maximum corresponds to reduced 
pollen grains, the higher maximum to unreduced grains, and thus the 
pollen measurements partly confirm the conclusion previously reached 
that the plant in question is capable of forming unreduced gametes on 
the male as well as on the female side. It is interesting that this capacity, 
judging from the measurements, is not always at work. Under certain 
environmental conditions only reduced pollen grains are formed. 


III. NEW POA ALPINA MATERIAL FROM SWITZERLAND. 

According to the results described abo ve the Scandinavian strains 
of Poa alpina were found to be quite or almost quite apomictic, in con- 
trast to the material obtained from Switzerland. This is especially true 
of the material from Fiirstenalp, which, as far as can be judged, is 
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purely sexual. The strain from St. Gothard, however, was predomin- 
antly apomictic but less stable than the Scandinavian apomicts. 

Since it seemed desirable to obtain more information about the 
possible existence of an average difference between the Scandinavian 
and Swiss Poa alpina types as regards the mode of reproduction, more 
material from Switzerland was procured. For this material 1 am greatly 
indebted to Doctors N. Sylvén and G. Nilsson-Leissner. During a 
journey in Switzerland in 1934 these gentlemen collected secd samples 
of Poa alpina as well as pratensis, care being taken to collect the seeds 
from single individuals. Thus, though the risk tliat the seeds in a 
sample were gathered from more than one individual is not quite ex- 
cluded. niost of the progenies raised are certainly derived from single 
inother plants. The secds were germinated in August 1934, and besides 
new material of Poa pratensis this germination resulted in 8 new Poa 
alpina progenies. In addition to these progenies two viviparous clones 
of Poa alpina were raised from bulbils also brought to Svalöf by 
Doctors Sylvén and Nilsson-Leissner. 

In the material thus obtained chromosome counts and inorpho- 
logical observations were undertaken in the following years. The main 
result of these studies is that predominantly the new Swiss material is 
apomictic, bul in some strains varying degrees of sexnality occur, This 
conclusion is based on the following detailed evidence. 


1. CONSTANT OR APPROXIMATELY CONSTANT PROGENIES VITH 

2n =- 37. 

The chromosome niimber 37, previously met with in the strain 
from St. Ciothard (cf. above p. 116), recurred again in several of the 

TAHLE 8. Chromosome counts in Swiss Poa alpina strains, having 
2n = 37 as a typical chromosome number. 


j c h r n m o s o ni e n u m b c r s 

I 25 ... 53 34 35 36 37 38 ... 46 ... 57 


1 

34—36 

i 1 

j Arosa i 

1 

23 

1 

—37 * 

1 » 

1 

19 

4 - - 

-38 

» 

111- 

20 

- — 1 

—39 

Hasliberg i 
Rigi 

Oberalp 


24 

1 

- -48 

1 — — _ 

16 

1 

-50 

1 1 4 

15 

5 


Field 

number 
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ii(‘w Swiss straiiis. (Jiromosoiue cciunts in Ihis group of thc material 
f»ave the resulls represented in Table 8. 

In the progenies H4— 80 and 34 — 89 the chromosome number is 
probably quite constant. The three apparent aberrants, in which the 
counts had given the values 80 and 88, were morphologically quite 
typical, and therefore the deviations in chromosome number are prob- 
ably due to slight errors in counting. The progenies in question wcre 
not only uniform in chromosome number but also in morphology. Thus, 
the conclusion must be drawn that in these biotypes apomictic seed 
formation is as regular as in the Scandinavian alpina apomicts. 

Two other biotypes were found to show about tlie same constancy, 
viz. 84 — 87 and 84 — 48, but in these strains tliere were a few clear 
aberrants. In 84 — 87 the plants with 80 and 88 are no sure aberrants^ 
but there was one plant having 2ii = 57. This plant is evidently the 
result of the union of one unreduced and one reduced gamete and is 
analogous to similar aberrants observed in some of the Scandinavian 
apomicts. This plant was soniewhat weak. but olherwise il did not 
differ conspicuously from the other plants in the progeny. 

In progeny 84 — 48 one plant was found to liave 2n = 25 but had 
not been observed to differ morphologically from Ihe other plants of the 
progeny. In this case an experimental error does not seem to be 
allogether excluded, At any rate this biotype is characterized by a high 
degree of apomictic seed formation, 87 being the typical chromosome 
number. 

In the remaining two progenies of the 37-grouj), however, a certain 
proportion of true aberrants were present. In progeny 84 — 88, 20 plants 
had the typical number 87, the chromosome numbers in 3 other plants 
being 88, 84 and 85 respectively. These plants, especially the one with 
33 chromosomes, were observed lo be clearly dcviating morphologically 
already before the chromosome numbers were known. 

Tn this family is seemed desirable lo study the offspring of the 
apparent aberrants, and therefore progeny was raised from open- 
pollinated mother plants. In the four families sliidied the chromosome 
numbers were found to vary as follows: 



Chromosome num- 

Field No. 

ber of ihe mother 


plant 

1938—27 

37 

—28 

35 

29 

±34 

— 31 

38 


Chromosome numbers iii thc oflspring 
;i2 33 34 35 3ö 37 38 39 

7 1 2 

1 7 

2—41 
2 7 1 
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Tliese values conclusively demoiistrate tlial the strain under con- 
sideration, 34 — 38, is partially sexual and thal the three plarits foiind 
lo have 33 — 35 chrornosomes were true aberrants. 

A quite similar situation was inet witli in strain No. 34 — 50 
(Table 8). Of the apparent aberrants the one with 2n — 34 had died 
at an early stage and the one with 2n — 35 was observed to be slightly 
deviating in appearance before the chromosoine nuinber was known. 
As regards the olher aberrants with 30 and 38 chromosonies, it is 
imcertain whether they represent true deviations from the typieal chro- 
mosome nuinber 37. 

Since all the slrains liitlierto discussed have 37 as their typieal 
chromosoine number, they should perhaps be expeeted lo be morpho- 
logically identical or similar. \\'ilh one exception, however, all the 
strains were found to be dissimilar. The three strains from Arosa were 
clearly different hut, curiously enough, one of the Arosa strains, 34 — 30, 
was found lo be indistinguishable from the Rigi strain, 34- 58. The 
type from Oberalp, 34 — 50, was also found to be verv similar to the 
two strains just mentioned, bul it differed rather clearly in some minor 
respeets, the leaves being darker green and the spikelets more brownish 
red. It seems certain, however, thal this strain must be genolypically 
quite closely relat(‘d to \hv other two. 

2. A MORPHOLOGICALLY HETEROGENOUS PROGENY WITH 2n:=:33 
AS THE TYPICAL CHROMOSOME NUMBER. 

A fourth strain from Arosa, 34 — 44, differed from the preceding 
three strains (with 2n — 37 ) by having 2n = 33 as the typieal chromo- 
some number. ( Jiromosoine variation in the initial progeny was found 
lo be the following: 

CJiromosonu' number: 32 33 34 . . . 49 

Number of individuals: .... 1 21 1 . . . 1 

There is only one clear aberrant, viz. the plant liaving 2n = 49. As 
probably all the other plants have 33 chrornosomes, the morphological 
appearance of this strain might be expeeted to be quite uniform. 
Strangely enough, this was by no means the case, the family oh the 
contrary being charaeterized by a marked morphological variation. 
With some diffieulty, however, mosl of the plants could be divided 
into two morphological groups, This suggested the possibility that the 
material might be composed of a mixture of two different apomiets, 
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having the same chromosome niimber. In order lo study this rather 
peculiar and interesting material more closely, progenies aftcr isolation 
were raised from 6 morphologically dissimilar plants. The morpho- 
logical properties of these progenies have not yet been studied, but 
chromosome counts are available. The deviating plant with 2n — 49 
gave 3 daughter plants having the chromosome numbers 49, 72 and 74 
respectively. Evidently the last two plants resulted from the union of 
unreduced and reduced gametes. The other five plants in the original 
progeny, having 2n = 33 or possibly 2n = 34, gave rise lo daughter 
plants showing the following chromosome numbers: 


Pield number 

Chromosome num- 
ber of the mother 

1938—32 

34 (33?) 

—33 

33 

—34 

33 

—35 

±33 

—36 

33 


Chromosome numbers in the progeny 
31 32 33 34 ... 49 

4 1 

3 6 _ . . . 1 

10 

1 4 

1—81 


Evidently, most of the plants have 2n = 33, and it is as yet un- 
certain whether the numbers slightiy higher or lower than 33 represent 
aberrations or slightiy erroneous counts. The produetion in progeny 
1938 — 33 of a plant with 2n = 49 is interesting, since such an indi- 
vidual, with 50 per cent higher chromosome number than usual, was 
also observed in the previous generations. The lalter plant gave rise 
to individuals wilh 2n = 72 and 74 and, thus, through the funetioning 
of unreduced gametes in two consecutive generations,, individuals having 
the number 33 may rapidly give rise to producls wilh more than seventy 
chromosomes. 

3. A PROGENY COMPRISING MANY DIFFERENT CHROMOSOME 

NUMBERS. 

The highest degree of chromosomal variation was met wilh in the 
progeny 34 — 46, in which the chromosome counts gave the following 
result: 

Chromosome number: 2(5 27 28 29 30 31 32 33 34 35 36 37... 52 
Number of individuals: 10 2 — — 1— 1 2 2 — — 1...3 

Eight different numbers were met with, of which 26 was the most 
freqiient. Corresponding to the chromosomal variation the progeny 
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was also helerogenous morphologically. With some difficulty five 
different morphological typcs could be distinguished. Fifteen plants 
beloiiged to the first morphological lype, and of these 15 plants 12 had 
been cytologically examined. These plants were all found to have either 
26 or + 27 chromosomes. The second morphological type compriscd 
5 plants, which were afterwards found to have 32, 33, 33, 34 and 34 
chromosomes respeclively. The third type comprised one plant having 
2n = 37 and the fourth type one plant having 2n = 30. Finally, the 
fifUi morphological type comprised the three plants having 2n = 52. 
This type was cspecially conspicuous by broad, thick leaves and few and 
coarse panicles. — Thus, in this progeny there is evidently a rather good 
correlation between different chromosome numbers and different mor- 
phological types. 

In order to get a deeper understanding of the cytological and 
morphological variation in this material, nine plants of the original 
family were isolated and progenies raised. The results of some chromo- 
some counts from this material are available and also morphological 
data from two of the progenies, which were raised earlier than the 
others. These two progenies were both derived from mother plants 
with 2n = 26. In the offspring the following numbers were observed: 

Chromosome numbcr: 24 25 26 27 

Progeny 1 : 6 

» 2: 1 — 3 1 

Twenly-six is evidently the typical number, and it is uncertain 
whether the two deviating numbers observed represent true aberrants. 
Morphologically, progeny 2 seemed to be quite uniform, in contrast 
to progeny 1. This progeny consisted of 12 plants, of which 9 were 
typical in appearance, the remaining three representing a special deviat- 
ing morphological type. The chromosome number 26 was observed 
in both the types, viz. in 4 typical and 2 deviating plants. 

Four other progenies were raised from mother plants with chromo- 
some numbers ranging from 30 to 37. In the offspring the following 
chromosome numbers were observed: 

^ Chromosome number Chromosome numbers in the oiTspring 

1 rogcny mother 31 32 33 34 35 36 37 . . . 43 

3 30 118 

4 33 1 7 1 

5 34 9 1 

6 37 1 ~ — 8 ... 1 
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In progenies 3, 4 and 5, 33 seems to be tlie typical chromosoine 
nuniber, and therefore it is somewhal doubtful whether the mothor 
plants really differed in chromosoine number. It should be remembered, 
however, that the inothcr plant of progeny 3 differed morphologically 
from tlio mother plants of progenies 4 and 5, the latter two being of the 
same morphological type. Progeny 6, finally, shows tliat the chromo- 
some mirnber of the mollier plant was correctly determined and thal 
this plant must have been predominantly apomiclic although partially 
sexual. There are two clear aberrants among a total of 10 plants. 

The last three progenies of the family under discussion (34 — 46) 
were raised from the three plants having 2n = 52. Most of the daugh- 
ter plants had the same or approximately the same number as llie 
mother plants, bul in addition fo these a haploid plant appeared. Tlie 
chromosoine counls in the differeni progenies gave the following result: 

Progeny 7: 54, 52, 52 and + 27 
» 8: 51, + 51, ± 52 

» 9: 51, ±51, 52, ±52, ±52, ±53 

The appearance of the individual wilh 2n = ± 27 is quile inter- 
csting, since it suggests a direct relationship between the number 26 and 
52, observed in the original progeny. Probably the change between 
26 — 52 may go in both directions, and sometimes the union of un- 
reduced and reduced gametes in individuals witii 2n = 26 may also 
give rise to products with inlermediatc numbers. This seems to l>e the 
best explanation of the chromosomal variation observed in the progeny 
34—46. 


1. TVO VIVIPAROUS CLONES. 

As already mentioned above, the new material from Switzerland 
also included two viviparous clones, in which no seed production at all 
could be observed. Both these clones were collected in Arosa, hut were 
found to be clearly different in morphology and were also found to 
differ in chromosoine number. In one of them the chromosomc nuni- 
bers of 10 plants were examined, the result being 2n = 33 in 9 plants 
and ± 34 in one individual. The other clone was characterized by the 
chromosoine number 26, this number being counted in 7 plants. 

These viviparous clones might perhaps be expected to show quile 
new chromosomc numbers, but rather interestingly that was not the 
case. The number 33 was met with in several Scandinavian and also 
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in some Swiss agamospermic alpina strains, and Ihe nuinbcr 26 was 
found to be the niost frequeiit niimber in thc family 34 — 46, discussed 
above. It is interesting to note that this strain, as well as a strain with 
2n==33 (34 — 44), were also collecled in Arosa, the place from which 
Ihe viviparoiis biotypes were ubtained. This cerlainly suggests a 
relationship between thc againospermic and viviparous biotypes having 
Ihe same ancuploid chromosome number. 

5. CONCLUSIONS. 

The new material from Switzerland was originally expecled to be 
piirely sexual, like Ihe old Swiss material from Filrstenalp. Evidently. 
however, the degree of apomixis in the new strains is on an avcrage 
rather pronounced, and nol a single strain was found to be quile sexual. 
In one strain, however, the percenlage of abcrranls seems to be quite 
high. In other strains there is a low but quite clear proportion of 
aberrants, and in still other strains apomixis seems to be absolute. The 
mosl frequent deviations in chromosome number were duc to the 
functioning of unreduced gametes, generally resulting in the union of 
one unreduced and on ^ reduced gainete or sometimes also in the union 
of two unreduced gametes. In some cases aberrants were also formed, 
presumably by the union of two reduced gametes. The functioning of 
unreduced gametes will tend lo incrcase ihe chromosome number, but 
the oj)posite process, the formation of haploids from types with high 
chromosome nurnbcMS, was also observed. Judging from chromosome 
numbers, viviparous and againo.spennic strains from the same locality 
niay be rather closely related. 


IV. CROSSES BETWEEN SEXUAL AND APOMICTIC 

STRAINS* 

Since in our Poa alpina material the occurrence of strains with 
apoiniclic seed formation as well as strains which apparently are quite 
sexual had beeii established, it was natural to carry out hybridization 
experiments between representatives of the two calegories. By pro- 
ducing hybrids between sexual and apomictic alpina plants and by 
studies of their of f spring some information about the genetic basis of 
apomixis in this material might be gathered. Cros.ses of this kind were 
performed in 1933 and since then Fi-, Fa- and to some extent also 
Fs-generations have been studied with the following results. 


Hereditas XX Vf. 


10 




Fics. 22—25. Parental plants and two Fi hybrids from tlic cross sexual X apomictic 
Pon alpina. — Fig. 22, a sexual mother plant {2n=:24); Fig. 23, the apomictic 
pollen parcnl (2n = 38): Fig. 24, an Fi plant with 2n = 27; Fig. 26, an Fi plant 
wilh 2n =. 41 (resulting from the union of an unreducod ovule and a reduced 

male gamete). 

progeny 32 — 53, the chromosomal variation of which is given in Table 2. 
The first plant, 32 — 53 — 44, had dehiscing anthers and rather good 
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pollen, Ihe percentage ol* good pollen in three samples taken being 87, 
78 and 84. The first value is from a sample taken in 1933, the latter 
Iwo values being obtaiiied in 1935. The other sexual plant, 32—53 — 16, 
is fertile on the female side, but in 1933, when the crosses were made, 
il was found to be male sterile, having non-dehiscing anthers. A later 
observation, in 1935, showed, however, Ihat this male sterility is not 
absolute, two pollen samples obtained in this year showing 78 and 84 
per cent good pollen. 

Morphologically (cf. Fig. 22), the two sexual mother plants do not 
present any specially striking characteristics cxcept the faet that in both 
of them, as in all other members of the strain from Furstenalp, the 
spikelets are purely green, being quite free from anthocyanin. 

The father plants used all belonged to the Korpilombolo apomict 
from North Sweden (Fig. 23). This strain has 2n = 38 and is charaet- 
(‘riz(‘d by a v(*ry good pollen fertility (p. 120, strain 1 ), although the 
chromosome number is aneuploid, and meiosis was found to be irregular 
(p. 125). In this strain the spikelets were not green but coloured by 
anthocyanin. The father plants were taken from this strain on account 
of its good pollen and relalively high chromosome number. In order 
lo decide whether the crosses undertaken had been successful, it seemed 
desirable that the difference in chromosome number between the parent 
plants should be relatively great. 

\Mien making the crosses, in 1933, the parent plants were simply 
put togellier in pairs in isolation cages, placed in a greenhouse. No 
allempts were made to einasculate the flowers of the mother plants. In 
Ihe case of the male sterile mother this was superfluous, but also from 
Ihe other mother plant most of the seeds obtained gave rise to true Fi 
hybrids. 

2. THE Fj-FAMILIES. 

A. CHHOMOSOMAL VARIATION. 

After the cross-pollinations about 500 seeds were obtained from 
the mother plant 32 — 53 — 44 and 73 seeds from the other female parent. 
These seeds were germinated in the same summer, about a month after 
the harvest, and gave rise lo 289 and 34 seedlings respectively. During 
Ihe following winter inany plants died, but in the summer of 1934 a 
lotal of 214 plants were still available for observation. Root tips of the 
young plants had been fixed and this enabled determinations of chro- 
inosome number in a total of 202 plants. 

All the daughter plants of the male sterile mother had anthocyanin- 
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coloiircd panicies like their father and, thus, tliey were tnie Fi hybrids. 
This was also evident from their chromosome numbers. — In the off- 
spring of the other sexual mother plant the great majority of the 
hidividuals were Fi hybrids, showing the anthocyanin colour and 
having more or less high chromosome numbers. Only 3 plants were 
observed to be the rcsult of scif-pollination, these plants having green 
panicies and relatively low chromosome numbers (24, 25 and 27). 

As it seemed dcsirable to study the chromosomal variation in 
as closely as possible, the chromosome numbers of as many as 202 
plants were determined. The result was the following: 


Chromosome numbers in 


Fj-progeny No. 

25 

2(} 

27 

28 

29 

30 

31 

32 

33 

34 

35 . 

. 40 

41 

42 

43 

n 

1 




5 

6 

4 

5 

6 

1 

— 

— . 

. 1 




28 

2 

1 

1 

7 

17 

34 

38 

31 

27 

10 

2 

1 . 

. . — 

3 

1 

1 

174 

Tolal : 

1 

1 

7 

22 

40 

42 

3() 

33 

11 

2 

1 . 

. . 1 

3 

1 

1 

202 


Progeny 1 in the above table was derivcd from the plant 32 — 53 - 
16, progeny 2 from 32 — 53 — 44. In the latter progeny the chromosome 
numbers of the non-hybrid plants have been excludcd. Thus, in the 
table only chromosome numbers of true Fj hybrids are included. 

The chromosomal variation in Fi is cvidently bimodal, one maxi- 
mum being situated at 30, approximately, the other one al 41. The 
cause of this bimodality is obvious. The lower maximum corresponäs 
to the union of reduced mate and female gameles, the higher maximum 
to the union of reduced male and unreduced female gametes, Theorelic- 
ally, the former maximum should be situated at 31, this valuc being the 
sum of 12 and 19. The second maximum should have the value 43 
(24 + 19). The slight decrease in the values observed is most probably 
due to a certain extent of chromosome elimination at meiosis. SucJi 
climination was observed in the male biotype and may also be expeeted 
to oceur in the female plant. 

The wide variation in chromosome number demonstrates that 
meiosis must be irregular at least in one of the parents. The follow- 
ing faets demonstrate that not only the male but also the female 
parents are responsible for this variation. Firstly, the mother plants 
belong lo a material charaeterized by its oscillating chromosome num- 
ber. Secondly, the 3 plants obtained by self-fertilization of one of the 
mother plants were found to represent three different chromosome mim- 
bers (24, 25 and 27, as mentioned above). On anolher oceasion the 
same individual was isolated and gave rise to three daughter plants with 
2n = 24, 25 and 25 respectively. 
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B. VIGOUR. 

The 214 Fj pluiits available for observation in 1934 represented all 
degrees of viability, ranging from dying to vcry vigorous plants (cf. 
Figs. 24 — 25). On an average vigour was found to be higher in Ft than 
in the sexual parent strain. In 1934 this strain was represented in the 
field by 88 individuals, whicli could be compared wilh 164 Fi plants. 
The remainiiig Fj plants were grown in a greenhouse. Using the usual 
scale from 0 to 10, vigour in this material was estimated with the 
following result: 

Vigour 

<1-2 — 4 (> — 8 — 10 n M 

Sexual mother strain: 35 21 5 21 6 88 3 ,«k 

Fi-plants: 16 51 39 31 27 164 5,02 

Owing to the skewness and bimodality of tJie first series the 

standard errors were not caleulated. Nevertheless, it is rather clear that 
the average of Fi is hetter than that of the mother strain. The number 
of plants available of tlie paternal biotype was not sufficient to allow 
exaet measurements. From later observations, however, it is rather 
clear that the average vigour of Fi is somewhat lower than that of the 
male parent, hut some Fi plants are even more vigorous than the inale 
parent plants, 

Since the Fi plants represent many different degrees of vigour as 
well as chromosome number, an attempt was made to find a correlation 
between chromosome number and vigour. But again the result was 
quite negative. The different vigour classes had about the same average 
chromosome number. Though il does not seem necessary to publish 
the whole correlation table, the absence of a correlation may be 
demonstrated by the following average values: 

Vigour classes :0 — 2 — 4 — 6 — 8 - - 10 

Average chromosome number: 31, i 30,5 30,6 30,7 30,7 

Number of individuals: 16 51 39 31 27 

The chromosome numbers of the Fi plants involved in this 
correlation ranged from 25 to 35. The individuals having 2n = 40 — 43 
were all placed in pols in the greenhouse, and thus they were not 
comparable to the field plants. Their viability was good, however, as 
may be seen from Fig. 25. 
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C. FERTILITY. 

As the Fl hybrids were obtained from crosses belween Poa alpina 
^strains of widely different origin it seemed desirable to test whetlier the 
Fl plants showed any signs to hybrid sterility. Studies on pollen feiiility 
demonstrates, however, that the Fi plants are comparable in this respect 
to the sexual mother strain. The following values were obtained: 

Per cent good pollen 


40 — 50 — 60— 70 

— 

8Ö — 90 

- 100 

n 

M 

Apomictic parent 

1 

7 

20 

28 

91, s 

Sexual » 1 

1 

10 

9 

21 

87.-) 

Fl hybrids .... 3 2 7 

17 

39 

35 

103 

83.6 


The Fl hybrids have the lowest averagc value, but the diffcreiice 
between the values of Fi and the sexual parent strain is certainly not 
significant. In addition lo the plants giving pollen samplcs male sterile 
individuals with non-dehiscing anthers were observed in Fi as well as 
in the sexual parent strain, but their exact number is not known. 

Though, in analogy to previous results in the sexual parent strain 
(cf. above, p. 129), fertility might also be expecled to be independent 
of chromosome number, it seemed desirable to test the exislence of such 
a correlation in the present Fi material. This test gave the following 
values: 


l’er cent good Chromosome number 

pollen 2(i — 28 — 30 - 32 — 34 ■ 36 - 38 — 40 - 42 n M 

Lower than 80: .. 1 8 11 7 27 ;10,8 

80 - 90: 2 14 15 7 39 30,i 

90- 100: 2 5 12 7 1 — - 2 30 31, (> 


l^he three pollen fertility classes evidently contain plants, having 
about the same average chromosome number, and thus no correlation 
can be established. Though negative, this result is rather interesting. 

Seed setting in Fi was not studied in detail, bnt it seems to be rather 
good. 50 Fl plants were isolated in various ways, and in 45 of these 
plants various degrees of seed setting were obtained, ranging from 1 to 
more than 100 seeds per panicle. 

D. MEIOSIS. 

Studies of meiosis in Fi are limited to some observations in an Fi 
plant having 2n = 41, and thus belonging to the group of Fj individuals 
arisen from the union of unreduced ovules and reduced male gametes. 



APOMIXIS AND SEXUALITY IN POA 


151 


The plant studied is the mother plant of the progeny 34 — 19 (Table 9). 
Meiosis in this plant was found to be somewhat irregular but without 
profound disturbances. At I — A division of a few univalentvS was often 
observed (Fig. 11). At interphase one or two micronuclei were fre- 
quently seen, and fhere were often some eliminated chromosomes oiit- 
side the II — M groups. The I — M groups were characterized by ii 
frequent occurrence of muUivalents. In Fig. 9 a number of such multi> 
valents are represented together with some bivalents and a univalenl. 
The bivalents and the univalent are from the same I — M group as the 
large multivalent, which is probably composed of seven chromosomes. 
The other multivalents probably represent one quinquevalent. Iwo 
quadrivalents and one trivalent. Fig. 10, finally, represenls a I — A with 
the distribution 20 — 21. 


3. F,-PROGENIES* 

Since the cross was made in order to study the inheritanct» of 
apomixis, the first question to be answcred is whether sexuality or 
apomixis is dominant. If the Fx plants are apomictic, like the pollen 
parent, they should breed true, in the opposite case they should segreg- 
ate. In the present material the question may be rather easily answered 
owing to the variable and aneuploid chromosome numbers. If a plant 
breeds true, the chromosome number in the offspring will remain con- 
stant, in the opposite case segregation will practically always be ac- 
companied by a variation in chromosome number. 

Progenies were raised after isolation from 17 differenl Fi plants, 
care being taken to selecl, in the first place, Fi plants with odd chromo- 
some numbers. Thus, most of the Fi plants involved had 27, 29. 31 or 
33 chromosomes. Progenies were also taken from some Fi plants with 
2n = 41. The results of chromosome counts in these progenii*s are 
given in Tablc 9. 

A glance at the table is sufficient to show^ that without exceffiion 
the F 2 progenies had variable chromosome numbers. Since this 
variation is very marked, there is reason to believe that the mother plants 
are purely sexual. These mother plants were taken at random (apart 
from the fact that most of them had odd chromosome numbers) and 
therefore they may be regarded as representative of the entire Fi 
generation. Thus, it may be concluded that in this material apomictic 
seed formation is recessive to sexual propagation. 

Considering the type of chromosomal variation, the functioning 
of unreduced gametes has evidently occurred in some progenies. Thus, 
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TABLE 9. Sexual X apomictic Poa alpina. Chroinosomal variation in 
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in the first progeny, 34 — 13» there are two exceptional plants having 
41 and 43 chromosomes. Since the chromosome number of the mother 
plant is 27, these aberrant plants are evidently the result of unreduced + 
reduced gametes. l"he same story is repeated again in progenies 34 — 29 
and 34 — 30 with respect to the aberrant plants having 2n = 44 and 40 
respectively, the chromosome numbers of the mothers in this case being 
30 and 28. 

This functioning of unreduced gametes has already been described 
above for several other Poa alpina plants. Of more iiiterest than this 
phenomenon is the fact that the mother plants with the highest chro- 
some numbers (2n=41) are capable of forming a considerable pro- 
portion of haploids, Thus, in the progeny of this kind most exlensively 
studied, 34 — 17, not less than 8 plants were found to be haploids in 
relation to the mother plant, their chromosome numbers ranging from 
19 to 23. The percentage of spontaneous haploids in this progeny is 
as high as per cent, Since a haploid also appeared in the analogous 
progeny 34 — 19, it is probable that this spontaneous formation of ha- 
ploids is characteristic of all these Fi plants, which resulted from the 
union of reduced and unreduced gametes. A similar production of 
a plant with approximately half the chromosome number of the mother 
plant was also observed in one of the progenies of the new Swiss 
material. In this case a mother plant with 2n = 52, which probably 
was tlie result of doubling of the lypical chromosome number 28, 
produced a haploid having 2n = ± 27 (cf. p, 144). 

The great majority of the F 2 plants had chromosome numbers 
varying around tlie values of the corresponding Fi plants. In the sexual 
parent strain there was a rather clear tendency for the progenies to have 
slighlly lower average numbers than the mother plants (cf. pp. 128 and 
131) and this tendency was ascribed to chromosome elimination al 
meiosis. In the present material, however, this tendency seems to be 
less marked, and a caleulation of the average values of the progenies 
shows, in fact, that it is quite absent. As is evident from Table 9, 
8 progenies have lower average chromosome numbers than the corres- 
ponding Fl plants, 8 progenies have higher values and in one case the 
difference is ± 0. Thus, the chromosome variation produced in Fi. by 
Crossing types with 24 and 38 chromosomes, is retained in F 2 in a rather 
unchanged condition, If progenies had been raised from all Fi plants, 
the result would most probably have been the same. This absence of 
any chromosomal selection, combined with the negative results of all 
previous attempts to find a correlalion between chromosome number. 
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vigour and fertility in Poa alpina, makes it unnecessary to look for 
correlations of this kind in the present material. Only the most 
extreme contrasts in cliromosome number may be compared, viz. the 
haploids in progeny 34-17 and the corresponding normal plants. No 
accurate data on fertility are available but notes on the vigour of the 
plants have been made. These notes show that the haploids had the 
same average vigour as the other plants. The vigour distribution was 
the following: 

Vigour 

0 — 2—4 0 - 8 — 10 n M 

The wliolemarerial: 11 25 4(5 13 2 97 4,38 

The haploids: . . . . l 2 4 1 8 4,25 

Since these haploids did not differ significantly in vigour from the 
sister plants having twice as many chromosomes, there is certainly no 
correlation between chromosome number and vigour in the other 
progenies either, in which chromosome variation is less extreme. Never- 
Iheless, all these progenies are characterized by a most pronounced 
variation in vigour as well as morphology, and in these respects they 
are markedly different from the apomictic strains. Undoubtedly, this 
increased variability is correlated with the oscillatory chromosome num- 
ber, in spite of the fact that no average correlation could be found 
between chromosome number and vigour. Evidenlly, some con- 
stellations of chromosome and genes are more successful than others 
but these successful combinations may sometimes rcpresent high and 
somctimes low chromosome numbers in the same manner as the iin- 
successful combinations. 


4. Fa-PROGENIES. 

The study of the F- plants denionstrated that the Fj mother plants 
were all sexual. Using the same chromosome counting method, it is 
necessary to raise a large Fa generation in order to test to what extent 
the Fa individuals are sexual or apomictic. In the simplest case, if the 
apomictic mode of seed formation were due to a single recessive gene, 
it should not be difficult to find F 2 plants giving constant progenies, 
Obviously the method used is very laborious, when it is necessary to 
study a large number of Fa progenies, and as yet the work is far from 
having been accomplished. However, at the time of writing chromosome 
numbers of 154 Fa individuals are available, these individuals belong- 
ing to 31 different families. Among these families not a single one has 
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proved to be constant. In 9 families the number of individuals is as yet 
too low to allow quite safe conciusions, but in the other 22 families 
there is a quite clear chromosomal variation, demonstrating that the 
mother plants are sexual or partially sexual. This is probably true also 
of the mother plants of the 9 families first mentioned. Under sucli 
circumstances the simplest way of inheritance of apomixis seems to be 
quite excluded, viz. the possibility of apomixis being condiiioned by a 
single recessive gene. So far Fa seems lo behave in exactly the same 
way as Fy, indicating that all the mother plants in F 2 were just as sexual 
as the F, plants. 

More definite conciusions may perhaps be drawn later on when 
more progenies have been studied, and when the chromosome counts 
have been supplemented with morphological and einbryological data. 


V. SOME NEW RESULTS IN POA PRATENSIS. 

1. A SEXUAL HAPLOID. 

A. INTRODUCTION. 

In my previous paper 011 Poa (MIIntzing, 1932) the occurrence of 
u Poa pratensis type with 2n = 36 was reported (l. c. p. 145). The tuft 
contaiiiing roots with that number was not pure, however, niany rools 
showing the double number 2n = 72. The most plausible explanation 
seemed to be that the tuft consisted of two individuals growing together. 
This was found to be true by dividing part of the tuft into separate 
lillers. Some of these tillers were found to have broad leaves, others 
had narrow leaves. Ten tillers of each kind were planted in pots and 
Ihe chromosome numbers were determined. Wilhout exception the 
chromosome numbers in the broad-leafed tillers were found to be 72 
or + 72, all the narrow-leafed ones having 2n = 36. These plants 
were then transplanted into the field for further observations. 

B. FERTILITY. 

Fertility in the haploid was found to be less good than in the 
corresponding type with 72 chromosomes. In the pollen the following 
values were obtained: 

Per cent åpparently good pollen 
55 - 60 - 65 - 70 - 75 - 80 - 85-90 - 95 - 100 n M 

Type with 2n = 72 . . . . 1 4 2 7 93,2 

» » 2n = 36 . . . . 2 4 2 — 1 9 64,2 
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Though the number of pollen saniples studied is small, it is obvious 
that the percentage of good pollen is much lower in the haploid than in 
the corresponding type with the double chromosome number. 

The difference in fertility was found to be still more pronouiiced 
on the female side. As a rough measure of seed setting the number of 
seeds per panicle after open pollination was counled. In the 36-chro- 
mosome type a total of 389 seeds were harvested from 59 panicies, 
which corresponds to an average of 6*/* seeds per panicle. In the 
corresponding 72-chromosoine type an average of seeds per 

panicle was obtained, 7345 seeds being harvested from 17 panicies. 
The values in the two kinds of material are of entirely differeni orders, 
the average seed produetion in the 72-chromosome type being 65 times 
as high as in the type with 36 chromosomes. 

For comparison seed produetion was counted in the same way in 
9 other pratemis biotypes, having the ordinary high chromosome num- 
bers and several of them being definitely known to be apomictic. The 
average value in this material was 458,4 seeds per panicle. This value 
was obtained from counts of 23 panicies, the numbers of seeds per 
panicle varying between 201 and 692. Evidently, then, Ihe 72-chro- 
mosoinc type is to be regarded as normal and the 36-chroniosome type 
as exceptional. 

C. MEIOSIS. 

Some meiotic observations were made in tlie haploid. Since meiosis 
in other pratensts biotypes studied was found to be irregular (MOntzing, 
1932, pp. 143 — 145; Rancken, 1934), and since the basic chromosome 
number in Poa is 7, meiosis in the rather sterile type with 36 chromo- 
somes might, indeed, be expeeted to be qiiite irregular. To our great 
surprise, however, meiosis in the haploid was found to be almost per- 
fectly regular, the typical chromosome configuration a( I — M being 
ISij. This configuration could be distinguished in 8 cells, no other 
type of association being observed. In Figs. 26 — 27 two typical I- M 
groups with 18|i are represented. Most of the bivalents seem to be ring- 
shaped, having at least 2 chiasmata. In rare cases multivalents may 
oceur. A trivalent and a quadrivalent from different cells are re- 
presented in Fig. 31. 

The rather high degree of regularity is also evident from the 
following counts of the number of univalents present at I — M. 

Number of univalents at I — M: 0 12 3 n 

» » cells: 114 20 13 3 150 
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Thus of 150 cells observed 114 (76 per cent) wcre perfectly regular, 
1 to 3 univalents being present in tbe olher cells. Fig. 28 shows a I — M 
group with 2 univalents, Fig. 29 a ratlier exceptional cell with 8 uni- 

26 





30 


$% 


% 






Figs. 26 — 33. Meiosis in a sexual Poa pratensis biotype with 36 chromosoines. -- 
Fig. 26, I-"M side view (separalely drawn), 18,,; Fig. 27, polar vicw, 18,,; Figs. 28— 
29, I— M groups showiiig difTcrent degrees of non-conjunction; Fig. 30, I— A, dis- 
tribution 18 — 18; Fig. 31, oiie quadrivalenl and one trivalent; Fig. 32, I — A, division 
of two univalents; Fig. 33, 1 — A, diccntrie ehromatid and fragment. 


valents. (This cell was observed after the counts in the 150 cells were 
finished. ) 

At I — A the distribution 18 — 18 (Fig. 30) was counted in 8 cases. 
Al the same stage the number of dividing univalents was counted in 
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100 cells. The result was 0 univalents in 95 cells, 1 univalent in 3 cells 
and 2 univalents in 2 cells. At interphase 97 p. m. c. were observed to be 
regular, and micronuclei were only seen in 3 cells. Fig. 32 shows a 
I — A with 2 dividing univalents and Fig. 33 a I — A with chromatin 
bridge and fragment. Thus in spite of the pronounced meiotic 
regularity, the individual in question must be heterozygous for an 
inversion or duplication. 

D. PROGENIES AFTER OPEN POLLINATION AND ISOLATION. 

Progenies of the biotype in question were raised after open pollina- 
tion as well as isolation. Seed setting in the isolation bags was 
extremely poor, but neverthelcss it was possible to raise some progeny. 
(ihromosome counts were undertaken in a total of 54 daughter plants. 
Among these 25 individuals were raised from seeds of open-pollinated 
panicles, and 29 plants were the result of isolation. The former plants 
were extremely varinhlc in morphology m well as chromosome number, 
iJius demonstrating that the mother plant is sexual. Among the 25 
plants the following 13 chromosome numbers were represenled (the 
number of individuals in brackets): 32 (1), 39 (2), 42 (1), 43 (1), 
44 (5), 45 (3), 48 (1), 52 (5), 53 (2). 54 (1). 55 (1), 51) (1) and 58 (l). 
At the time of flowering the haploid was surrounded by a collection 
of pratensis biotypes with chromosome numbers ranging from 49 — 82 
(and possibly other more extreme numbers, since the chromosome 
number was not known in all biotypes). Evidently, these biotypes 
have been successful as male parents, not a single daughter plant having 
the same chromosome number (36) as the mother. 

As already mentioned, the morphological appearance of the daugh- 
ter plants was highly variable and they were all different from eacli 
other. It does not seera necessary to give any morphological de- 
scriptions. 

In this material pollen fertility was also studied. Some plants 
were probably male sterile, no pollen being obtained. In the others 
the amount of good pollen was found to vary between 40 and 100, 
the average value being 7 7, o per cent. 

As regards chromosomal variation, the progenies obtained after 
isolation were found to be much regular. Of the 29 plants studied, 
21 were found to have 2n==36 like the mother plant. Of the 8 
deviating numbers, 5 were close to 36 (one 34, three 35 and one 37), 
the others were much more aberrant (29, 49 and 52 respectively). The 
lalter two values, 49 and 52, may be the result of unreduced ovules 
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iertilized by reduced male gametes. The niaiii feature in this material, 
however, is not the aberrants but rather the high degree of constancy 
in chromosome nuinber and the very marked contrast in this respect 
between the progenies after open pollination and isolation. Regarding 
the former, the haploid’s own pollen was evidently unable to compete 
with the pollen of surrounding pratensis biotypes. On isolation, on the 
contrary, no other pollen was available, and a few seeds resulted from 
self-fertilization. Since meiosis was found to be predominantly regular, 
most gametes should ha ve 18 chromosomes and this was, indeed, 
verified by the fact that most of the offspring had the same chromo* 
some number as the mother. 

For most of the material after isolation no morphological data are 
yet available. A few plants raised earlier than the rest, however, were 
found to be variable in appearance. This demonstrates once more that 
the constancy in chromosome number is not due to apomixis but to 
meiotic regularity. An exactly analogous case was descrihed above 
(pp. 134 — 135), a sexual Poa alpina strain with 2n = 22 being almost 
quite constant in chromosome number, due to a regular meiosis. 

E. HYBRIDS WITH POA ALPINA. 

The sexuality of Ihe haploid pratensis type under consideration was 
also demonslrated by crosses with Poa alpina. In 1935 the haploid 
was pollinated with alpina pollen, Iwo different alpina plants being 
used as the male parents. In the first cross 2 paiiicles p(»lliiiated 
gave only one seed, in the second cross 3 panicles were pollinated, 
and of these the first i)anicle gave no seed, the second 1 seed and the 
third 39 seeds. The seed obtained in the first cross gave rise to a ])ure 
pratensis plant having 2n = 35. This plant was evidently the result 
of self-fertilization. The other 40 seeds resulted in 15 plants, which 
proved to be true pratensis X alpina hybrids. This was evident from 
Iheir morphological charaeters as well as their chromosome iiumbers. 
Since pratensis X alpina hybrids have already been dcscribed l)y other 
workers (Åkerberg, 1936 b; Nannfeldt, 1937 b), it seems unnecessary 
to give a description of my own hybrids. Their chromosome numbers, 
however, are interesting and were found to have the following values: 

Cliromosonie number.s 
' 31 32 33 34 35 . . . 52 

Number of Fi plants: .... 1 6 6 — 1 — 1 

The father plant used for the crosses had 2n = 31, and considering 
the probable occurrence of meiotic chromosome climination most of 
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its gametes should have ±15 chromosomes. Since mosl of the gametes 
of the mother plant have 18 chromosomes, the observed chromosome 
niimbers of the Fi plants (chiefly 2n = 32 and 33) are in accordance 
with expectation. The individual having 2n = 52 must result from 
the union of an unreduced ovule and a reduced male gamete. It 
demonstrales once more that functional, unreduced gametes are some« 
times formed in the haploid. 

F. PROGENIES OF THE SISTER TYPE WITH 72 CHROMOSOMES. 

In the preceding section the typc with 36-chromosomes was called 
a haploid and is supposed to be closedy relatc^d to the type with the 
double chromosome number. The haploid is clearly sexual and almost 
sterile. Judgiiig from the abundant seed production, the corresponding 
72-chromosome type may be supposed to be apomictic like most other 
pratensis biotypes. In order to test that further, i)rogenies after isolation 
as well as after open pollination were raised. .ludging from morpho- 
logical inspection alone, the biotype in question is predominantly 
apomictic but partially sexual, a certain proportion of deviating aber- 
rants being formed. Pending the results of chromosome (ounts and 
further morphological observations, the exact degree ot apoinixis in 
this strain cannot vet be slated. At any rate the 72-chromosome type, 
however, must have a much stronger apomictic tendency Ihan the 38- 
chromosome type, which seems to be purely sexual. 

2. TVIN INVESTIGATIONS. 

A. TRIPLOII) AND HAPLOID TWINS. 

In earlier publications (MOntzing, 1937, 1938 b) the production of 
plants with deviating chromosome numbers from twin seedlings was 
reported. The species studied also included Poa pratensis. As in the 
other species investigated, the most frequent deviation observed in Poa 
pratensis is represented by plants having their chromosome number 
increased by approximately 50 per cent. A total of twenty such > tri- 
ploids» have been gathered. Morphological ly it is rather difficult to 
distinguish »diploid» and »triploid» pratensis twins from each other, 
and even if the two twins are dissimilar in appearance, it is sometimes 
difficult lo decide which of the two plants has the higher chromosome 
number. This diffieulty is partly due to the faet that the twin with 
the higher chromosome number is more slow-growing and requires 
several years to reach full development (cf. below p. 162). 
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Another category of deviating twin plants may be casily distingu- 
ished also in Poa pratensis, viz. the haploids. So far only two diploid- 
haploid twin pairs have been observed in Poa pratensis, but in these 
pairs the haploids wcre definitely recognized as such by their smaller 
size and more slender mode of growth. The chromosome numbers in 
the first twin pair were found to be ± 72 and ± 36, and in the second 
pair ±75 and ± 39 respectively. So far the properties of these haploid 
twins have not heen studied, but their mere occurrence is of inlerest, 
especially with regard lo the sexual haploid described above. Siiice, 
evidently, haploid twins may be formed, it is highly probable that the 
sexual pratemis type with 36 chromosomes arose as a twin from the 
original strain with 72 chromosomes. This haploid is rather vigorous, 
and it does not seem improbable that the original tuft, showing the 
mixture of tillers wilh 36 and 72 chromosomes, arose from one seed 
producing Iwo viable scedlings witli 2n = 36 and 72. Gradually the 
tillers of these individuals became intermingled lo such an extent that 
they could only be separated hy division of the original tuft into small 
pieces. 

B. THE PROPERTIES OF TRIPLOID TWINS. 

a. Plant weight, — In order to study more closely the effecl of a 
50 per cent increase of the chromosome number in Poa pratensis, clones 
were made of each componenl in a number of twin pairs. Seven such 
Iwin })airs were studied, each individual being represented by 5 clone 
plants. In this material plant weight and a series of morphological 
characters were measured. A Chemical analysis was also made, thanks 
lo the kind cooperalion of Dr, J. Lindberg. 

The chromosome numbers of the twins and the results of the plant 
weighings are given in Table 10. Due to the high number of chromo- 
somes, the chromosome counts may not be quite accurate. In each 
twin pair, however, it is quite clear that one niember of the twins has 
about 50 per cent more chromosomes Ihan the other. The pair 
3003 — 7 a and — 7 c represents two members of a triplet, in which two 
plants, a and b, had the normal number while the c-plant liad an in- 
creased number. 

The plants have been cut and weighed in 3 different years and the 
value for each separate year is the average of the 5 clone plants. 
Considering first the total production in these 3 years, it is evident that 
on an average the twins with high chromosome numbers have been 
less productive than the twins with the lower, normal numbers. This 

Heredtias XXVI, 11 
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is triie of six of Ihe seven pairs. In one pair, however, the reverse is 
true, the average weight of 3645 — 2 a (2n = + 49) being less than half 
of the weight of the other twin having 2n = + 72. If the total average 
vallies of all twins with high and low chromosome numbers are 
calculated the resull will be 309 gr. for those with high numbers and 
333 gr. for those with normal numbers. The difference is relatively 
slight, chiefly due to the unusually high weight of the twin 3645 — 2 b. 
Thiis, judging from the above results, Pon pratensis iwins with an in- 


TABLE 10. Plant weight in twin clones of Poa pratensis. 


Clone No. 

Chromosome 

numbcr 

(±) 

A V c 

i9:n 

r a g e wc 

j 1938 

i g h t in 

i 19:i9 

1 

Total 

3003—3 a ... 

48 

82 

1 212 

‘ 121 

115 gr. 

h ... 

72 

80 

162 

110 

352 

3003-1 a ... 

48 

66 

i 171 

106 

343 

1) ... 

72 

66 

j 172 

100 

338 

:i003-7 a ... 

49 

74 

148 

93 

315 

c ... 

71 

50 

118 

67 i 

235 

3009- 1 a ... 

68 

82 

144 

110 i 

336 

b ... 

100 

25 

82 

93 1 

200 

3839-6 a ... ’ 

49 

88 

170 

100 ; 

358 

b ... 1 

76 

46 

124 

97 ' 

267 

3839-10 a .. 

52 i 

76 

! 180 

115 

371 

b... 1 

72 i 

80 

162 

101 

343 

3645 — 2 a ... i 

49 1 

33 

: 

78 ; 

196 

b ... 

72 

64 

; 208 

157 i 

429 


creascd chromosome niimher will in most cases, but not always, be 
less productive than the normal twins, 

This conclusion, however, is only based on weight values from 
3 years. If the observations had been extended over a longer period 
Ihe values would probably ha ve been more favourable for the twins 
with high numbers. As already mentioned above, and as is typical of 
other polyploids (cf. MONTzma, 1936), the twins with high chromo- 
some numbers need more time to reach their full development, This 
is, mdeed, evident from a comparison between the weight values of the 
different years. Taking first a separate typical twin pair, the weight rel- 
ation between the plants 3009 — 1 a (2n = 68) and 3009 — 1 b (2n == 100) 
was found to be 82 :25 = 3,28 in the first year, 144:82 = 1,76 in 
the second year and 110 : 93 = l,i8 in the third year. If this tendency 





TABLE 11. Uorphologicol data from twin clones of Poa pratensis. 
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values tliaii in the corresponding twiiis wilh low chromosome numbers. 
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continues, the twin wilh the high chromosome number may in the long 
run be more productive thaii the other twin. 

('^omparing the entire material in the same way, the average weight 
relation (low : high) was found to be 71,« : 58,7 — 1,22 in the first year, 
158,(i : 146,» = 1,<)8 in the second and 102,» : 103,3 = 1 ,ik) in the third 
year. Thus, after 3 years the average yield was about the same in the 
two chromosomal categories. 

b. Morphologiad data. - - The clone material studied seemed to 
be suitable also for morphological comparisons between the twins. 
Therefore the following charaeters were measured: height, thickness of 


TABLE 12. Chemical data from twin clones of Poa pratensis. 


1 1 
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1 

Field number 
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i 

Water | 
(per cent) 

Criide 
protein ' 
(per cent) 

Cnide 

fat * 

(per cent) 

Soluhle 
carbohy- 
drates * 
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fibre ^ 
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2 n 

3 n 

2 n 1 

3 n 1 

2 n 1 


2ni 

3 n 
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j 3 11 1 

1 2 n 

3 n 

, 1 

3003—3 a and b 

6,7 

6,7 

6,7 

5,5 

3,0 

1 

2,3 

38,1 

38,1 

30,1 

32,2 

7»* 

1 

7,0 

j 3003—4 a and b 

6,7 

6,7 

5,7 

7,1 

2,3 

3,3 

38,4 

37,9 

32,0 

28,8 

6,6 

8,0 

1 3003—7 a and c 

6,6 

6,(1 

7,3 

6,2 

2,8 

2,9 

37,6 

38,7 

29,4 

28,4 

7,9 

8,9 

3009—1 a and b 

6,5 

6,7 

7,3 

8,4 

2,6 

2,0 

37,3 

37,0 

28,2 

30,3 

9.6 ! 

7.4 

j 3839—6 a and b 

6,8 

6,0 

6,8 

6,0 

2,6 

2,3 

39,3 

38,4 

27,6 

29,9 

8,8 

8.6 

! 3839—10 a and b 

6,7 

6,6 

9,5 

5,7 

2,6 

2,3 

i 35,7 

41,7 

27,6 

24,5 

9.7 

10,6 

i 3645 — 2 a and b i 

1 6,4 

6,6 

6,7 

7,3 

2,4 

2.6 

1 39,5 

37,2 

28,6 

28,3 

7,6 

9,4 

Average values: | 

6,63 

6,60 

i 7,00 

' 6,60 

1 2,00 

1 2,51 

! 38,0 

! 38,4 

29,1 

28,9 

1 8,33 

8,00 


the cuhn, length and breadth of the leaves, thickness of 10 leaves pul 
together, panicle length, length of spikelets and, finally, 1000-grain 
weight. The results of the measurements are summarized in Table 11. 
With the exception of seed weight, which was only measured once, the 
values in the table are mean valiies of measurements undertaken in 
1937 and 1938. 

Sonie of tlie charaeters measured are clearly correlated with chro- 
mosonie number, others seem to be more or less independent. The 
best diagnostic charaeters were found to be thickness and breadth of 
the leaves. In all seven twin pairs the memhers with high numbers 
were found to hade thicker and broader leaves than the corresponding 
twins with low numbers. Also with respect to some of the other 


^ Water content at the analysis = 16 per cent. 
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characters Ihere are clear diffcrences between the two categories. Thiis, 
high chromosome number is also correlated with thick culm and lieavy 
seeds in six cases of seven. On the other hand, there is a clear negative 
correlation between chromosome number and length of the spikelets. 
With respect to the other characters the correlations are less clear. 
However, the high-number twins seem to be less tall and to have 
shorter leaves but longer panicles than the sister twins with low chro- 
mosome numbers. 

c. Chemical data. — Thanks to Dr. J. Lindberg, the same twin 
material was analysed chemically, the following properties being 
studied: water content, percentage of crude protein, crude fat, soluble 
carbohydrates, crude fibre and ashes. The results of this analysis are 
given in Table 12. The percentage values of the Chemical constituents 
are caleulated for a w^ater content of 15 per cent. 

The table reveals that there are no significant differences between 
high and low chromosome number twins in ang of the properties 
analysed. In some pairs the number with the higher chromosome 
number represents the higher percentage values, in other cases the 
reverse is true. Thus, in this material, in contrast to several other 
polyploids fcf. MCntzing, 1936), the inerease in chromosome number 
does not seem to be accompanied by any obvious Chemical aiterations. 

d. Pollen fertility. --- Pollen fertility was studied in the seven 
pairs of clones, Ihe following results being obtained: 


. . Chromusome 

Plant number , 

number 

Average pollen 
fertility (per cent 
good pollen) 

Number 
of samples 

3003—3 a 

48 

80 

2 

-^-3 b 

72 

96 

2 

-4 a 

48 

82 

3 

—4 1) 

72 

86 

1 

— 7 a 

49 

83 

2 

7 c 

71 

97 

2 

3009- 1 a 

68 

92 

2 

—1 b 

100 

93 

1 

3839—6 a 

1 

88 

2 

- 6 b 

76 

96 

2 

— 10a| 52 

65 

2 

—10 b 72 

97 

2 

3645—2 a| 

49 

61 

2 

—2 b 

72 

94 

2 
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Though the number of pollen samples taken is low, the result is 
quite clear, the twins with high chromosome numbers all having better 
^ pollen fertility than the corresponding twins with low numbers. In 
one case the difference is incidental rather than significant. The pair 
3009 — 1 a and b has the chromosome numbers 68 and 100, the corres- 
ponding percentage values being 92 and 93 respectively. In this pair, 
however, even the component with lower number has about as high a 
chromosome number as the high number twins in the other pairs. In 
this twin pair both members may consequently be regarded as having 
surpassed the threshold value of chromosome number necessary for a 
good pollen quality. 

e. Chromosomal variation in iwin progenies. — Some progenies 
of the twin material studied werc raised, primarily, in order to test 
whcther the twins with high chromosome numbers would breed true, 
or whether they would split up their chromosome numbers. The latter 
alternative wjis found to be true. The material in quesfion has not yel 
been studied morphologically, but the results of chromosome counts in 
some progenies are available. 

In the progeny of twin plant 3003 — 3 a, having 2n — + 48, the 
chromosome numbers of 29 plants were determined, and all of these 
were found to have numbers ranging from 48 to 51. According to the 
counts, 6 plants had 2n = 48, 4 plants 2n = 49, 16 plants 2n~50 
and 3 plants 2n = 51. (^onsidering the difficulties of exad counts, this 
progeny is probably constant in chromosome number. In such a case 
the correct chromosome number of the biotype must bc 2n = 50. 

The sister twin, 3003 — 3 b, having 2n = + 72, gave rise to a pro- 
geny in which the chromosomal variation was as follows*. 

Chromosome numbers: . . 48 49 76 77 80 81 82 83 84 85 

Number of plants: 1 1 1 1 6 — 13 6 4 4 

Even if the difficulties of exad counts are admitted, it is obvious 

that chromosomal variation in this progeny is grcater than in the 
offspring of the sister twin with 2n = + 48. The number most fre- 
quently represented is as high as 82, and on an average the progeny 
has a higher chromosome number than the mother plant. The reason 
of this unexpected increase is not known. 

Progenies of two other twin pairs were studied in the same way. 
In the first of these pairs the chromosome numbers had been deter- 
mined to be + 49 and ±71 respectively. In the offspring of the first 
plant {3003 — 7 a), 23 plants were found to have numbers ranging 
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from 47 to 52. Probably, most or all of these plants had in reality 
the same cliromosome niimber. As in the corresponding meniber of 
the previous twin pair and its progeny, 2n = 50 seems to be the typical 
number also in this case. In 12 of the 23 plants the counts rcsulted 
in this nUmber. In addition to the 23 plants liaving + 50 chromosomes, 
there was one single plant with 2n =:= + 75 and a twin pair, the mem- 
bers of which were found to ha ve 2n = ± 76 and +75 respectively. 
Thus, a few unreduced ovules had evidently been fertilized. 

In the other twin progeny (from the mother plant 3003 — 7 c, 
having 2n = + 71) the chromosomal variation again seems to be grealer, 
the following numbers being found: 

Chromosome numbers: 70 71 72 73 74 75 76 77 78 . . . 90 . . . 110 111 
Number of plants: 3 — 1 — 5 11 15 6 5 - 1 — 1 2 

The plants with 110 and 111 chromosomes are evidently due to the 
funetioning of unreduced ovules. Two of them represent one of the 
members in each of two twin pairs. 

In the third pair of twin progenies variation was again observed 
in the offspring of the twin with the higher number, the other progeny 
being almost constant. The mother plants in this case were 3839 — 10 n 
(2n = + 52) and 3829 — 10 b (2n = + 72). The former individual gave 
a progeny in which 44 plants were found to have chromosome num- 
bers ranging from 47 to 52. As in the previous cases, 50 was the most 
frequent number, the counts giving this value in 19 of the plants. In 
addition to the plants having 2n = + 50, there w^as a twin plant witli 
2n=: + 74. 

In the other progeny (from 3839 — 10 b) chromosome variation 
was very marked, the values ranging from 33 to 103. The following 
numbers were obtained: 

Chromosome numbers : 33 ... 37 38 ... 64 65 66 67 68 69 70 71 72 . . . 75 76 . . . 103 
Number of plants: i - i i ... 1 ii4_i -9_23- 1 

In this family the three plants having 33, 37 and 38 chromosomes 
may be regarded as haploids, having approximately half the chromo- 
some number of the mother plant. Two of these haploids were 
apparently single plants, the third haploid arose as a twin. In the pro- 
geny there is also a »triploid» with 2n = 103, and certainly resulting 
frohi the union of an unreduced ovule and a reduced male gamete. 

In view of all the data presented above, the following conclusions 
may be drawn: In contrast to the twin plants fepresenting the normal 
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chmitiosome number, ihe »iriploid» twins give rise to progenies in 
which the chromosomal variation is more or less increased. This de- 
monstrates that the mother plants must be partially or purely sexual. 
Thus, we have reason lo believe that in Poa pratemis a change from 
Ihe normal chromosome number to the triploid condition involves n 
€i¥inge from a predominant apomictic seed formation to a more or less 
pronounced degree of sexuality. More information about this change 
in the mode of reproduction may be gathered by fiiture studies on the 
morphology of this material. 

VI. CHROMOSOME NUMBER AND CELL SIZE. 

As in many other genera and species, comprising types with differ- 
ent chromosome numbers, there is a positive correlation between chro- 
mosome number and cell size also in Poa. Nissen (1937) has already 
reported the occurrence of a positive correlation belween chromosome 
number and size of tlie stomata in Poa pratensis. His measurements 
are of special interest in this connection, since they were performed 
on my twin clones of pratensis, diseussed above in the present paper. 
As a supplement to his measurements the following data from pratensis 
as well as alpina may be briefly described. 

1. POLLEN SIZE IN POA PRATENSIS. 

In 9 different biolypes of Poa pratensis, representing 8 cliromo- 
some numbers, ranging from 49 to ± 87, pollen size was measured. 
The results given in Table 13 deinonslratc a clear positive correlation. 
The average pollen size of the biotype with 2n == 49 is approximately 
27,7 units, the corresponding average of the biotypes with 64 and 68 
chromosomes is 30.7, the lotal average of the group of biotypes with 
70 to 75 chromosomes is 32,» and the biotypes with 85 and 87 chro- 
mosomes, finally, reach an average diameter of 35, a units. 

Pollen measurements were also made in the haploid, sexual Poa 
pratensis type described above (p. 155) and in the corresponding type 
with 2n==72. Two pollen samples of each type were sludied, and in 
each sample 200 grains were measured. In the haploid having 2n = 36, 
the average values found were 16,5» + 0,»8 in the first and 16,tG + 0,o8 
in the second sample. In the corresponding type with 2n = 72, the 
average values of two samples studied were found to be 17, »8 + 0,08 
and 17,73 + 0,o8 respectively. Thus, the two higher values are re- 
presented by the type with the higher chromosome number. However, 
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TABLE 13. Pollen diameter in Poa pratensis. 
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Ihe dilfcrence iii pollen size betweeii Ihe two types coinparcd is siir- 
prisingly smnll. 

2. SIZE OF POLLEN AND STOMATA IN POA ALPINA. 

Pollen size was delermined in 23 different plants of Poa alpina, 
the chroinosoine nuinbers of these plants ranging from 22 to 43. The 
plants were chosen only witli regard to their chromosome number, and 
thus they belong to sexual as well as apomictic strains or were hybrids 
of different kinds. From each plant 50 good pollen grains were 
measured. The following mean values were obtained (the correspond- 
ing chromosome number in brackels): 26,2 (22), 26,4 (22), 24, i (23), 

25,4 (24), 25,5 (24), 25,9 (25), 26, i (25), 28,2 (26), 25,3 (27), 26,2 (28), 

28,fi (29), 26,9 (31), 27,9 (31), 27, o (32), 26,7 (33), 27,2 (33), 26,4 (36), 

34,0 (37), 28,s (38), 29,3 (39), 31,9 (41), 30,5 (43). 

The positive correlation between pollen size and chromosome num- 
ber is not strong but, nevertheless, clesir. If the values are combined 
in classes comprising several chromosome numbers, the following 
values will be obtained: 

Chromosome classes: 22 — 26 — 30 - 34 — 38 — 42 46 

Average pollen diameter: 25,6 27,i 27, i 30,2 30, o 30,5 

According to the above values, the diameter of the pollen grains is 
about 20 per cent greater in the 42 — 46 dass than in the 22 — 26 dass. 
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This means that Ihe relation between the volumes of the two classes 
compared will be 2837 : 1677 = 1,7 : L The relation between the 
average chromosome numbers of the same classes is 1,8 : 1. 

In Poa alpina length of the stomata was also mcasured in 26 plants, 
representing 23 different chromosome numbers, ranging from 22 lo 74. 
Part of these plants were also used for the pollen measurements. From 
each plant 50 stomata were measured. The following average values 
were obtained (the corresponding chromosome numbers in brackets): 


12,28 

(22), 

14,00 

(23), 

14,44 

(24), 

11,92 

(24), 

14,36 

(24), 

12,78 

(25), 

17,74 
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(27), 
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(31), 

15,26 

'(32), 
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(33), 

17,06 

(34), 

13,94 

(35), 
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(36), 

15,46 

(37), 

15,18 

(38), 

1 6,52 

(39). 

16,12 

(40), 

19,o(» 

(41), 

19,08 

(42), 

17,16 

(43), 

20,9» 

(52), 

19,30 

(74). 










If these values are arranged in a series according to increasing 
chromosome numbers, using the same dass width as for the pollen, 
the result will be as follows: 


('Jiromosome classes : 22 — 20 — 30 - 34 — 38 — 42 — 46 -- 50 — 54 ... 74 

Average stomata length: 13, o 15,7 16, o 15,r» 16,7 18, i — 20.» — 19,3 

In spite of the incidentally low value in the dass 34 — 38 the positive 
correlalion between chromosome nuniber and stomata length is qiiite 
clear. 


VII. DISCUSSION. 

1. The genotypical basis of apomlris, — The niain problem in the 
material studied is the genotypical basis of apomixis and the relalion- 
ship between sexual and apomictic strains. The first faet to be con- 
sidered in connection with this problem is the occurrence of gradations 
between sexuality and apomixis. In Poa alpina the Fiirstenalp strain 
was found lo be highly variable in morphology as well as in fertility 
and chromosome number and may therefore be regarded as purely 
sexual. On the other hand, several of the Scandinavian strains have 
so far been completely agamospermic, not a single aberrant plant being 
observed in the progenies, Other strains, however, oceupy an inter- 
mediate position, a certain proportion of aberrants being formed. In 
the strain from St. Gothard sexuality is rather pronounced, the minimum 
percentage of aberrants being 25,93 Hh 8,43. The strain from Mösseberg 
is more stable, the percentage of aberrants being as low as 4,:r) -f 3,oi. 
Further examples of this kind were met with in the new Swiss collec- 
tion of Poa alpina strains diseussed above (p. 138 — 145). Different 
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degrees of apomictic seed formation have also been observed in Poa 
pratemis, judging from differences in the frequency of morphological 
aberrants (Åkerberg, 1939). 

Already the occurrence of such gradaiions in the dcgree of sexu- 
ality is a strong indication that apomixis is not conditioned by a single 
factor. It might be assumed, howevcr, that plants and strains being 
heterozygous for a single apomixis factor (Aa) might be partially sexual 
in contras! to the honiozygous combinations. an and AA, which would 
represent pure sexuality and absolute apomixis. Against this inter- 
pretation may be said, firstly, that most probably there is more than 
one gradation between absolute sexuality and absolute apomixis. 
Secondly, the cross between sexual and apomictic Poa alpina gave F\ 
hybrids, which were purely sexual and not intermediate. Finally, the 
absence of apomictic F» families in the same cross may be regarded as 
definite evidence that in the material studied apomictic seed formation 
is conditioned by more than one factor. 

A curioiis fact to be considered in this connection is that a change 
from the normal chroniosome number to »haploidy» or »triploidy» 
seems to involve a change from predominant apomixis to a more or 
less pronounced sexuality. The haploid pratensis type with 36 chro- 
mosomes was clearly sexual, in contrast to the original type having the 
double chromosome number. Also the twin plants, having approxim- 
ately a 50 per cent higher chromosome number than usual, behaved in 
a similar way. At least sonie of these twin plants are decidedly more 
sexual than the corresponding sister twins, representing the normal 
chromosome number of the strain. Åkerberg (1939) has already 
reported similar results, the progenies of aberrant Poa pratensis plants 
in his experiments always being variable in morphology as well as 
chromosome number. 

If apomixis is conditioned by multiple factors, the sexuality of a 
haploid type is rather natural, since such a haploid will only contain 
part of the factors necessary for an apomictic seed formation. /The 
sexuality of triploids is more difficult to understand but leads to the 
idea that apomixis in Poa is due to a rather delicate genetic balance. 
This balance may be upset in various ways, by crosses with other 
types or merely by a quantitative change in chromosome number either 
in a plus or minus direction. 

From the experience gathered in our material there is reason to 
believe that apomixis is an advantageous property, gradually evolved 
by natural selection. When grown together in the field the apomictic 
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slrains differ favourably and strikingly Irom sexual progenies by Iheir 
uniformly good vigour and good seed production. Only a small pro- 
portion of the plants in the sexual strains are comparable to the 
apomicts in these respects. Further, if aberrants with deviating chro- 
iiiosome numbers are produced in predominantly apomiclic but 
partially sexual strains, these aberrants have often been observed to 
be less vigorous than the typical plants. 

On the other hand, the sexual strains may be supposed to re- 
present a vaiuable source of new types, some of which have good 
vigour and other advantageous properties. The preservation of such 
vaiuable individuals by apomixis may be easily imagined, since in 
Poa pratemis •and* al pina the tendency to apomictic seed formation is 
evidently widespread. Even in types considered to be typically sexual 
a certain proportion of unreduced embryo-sacs may be formed. Thus, 
in* the cross bctween the sexual plants with 2n = 24 and the apomictic 
strain with 2n —38, (> Fj plants of 202 werc found to be the rcsult of 
unreduced ovules fertilized by reduced male gameles (p. 148). — In 
the sexual haploid of Poa pratensis (2n==3(>) there is a similar pro- 
portion of functional unreduced ovules, three »triploids» being ob- 
served among a total of 44 plants. Also in many other sexual or 
partially sexual alpina and pratensis plants there is a marked tendency 
lo formation of unreduced gametes, chiefly on the female side but also 
in the pollen. 

If by mutation a vigorous plant belonging to a sexual strain be- 
comes capable of developing its low proportion of unreduced ovules 
without fertilization, it is conceivable that by secondary changes the 
proportion of apomictic of f spring may be gradually inereased. This is 
probable, especially because the offspring formed in a sexual way will, 
on an average, be less successful than those possessing all tlie ad- 
vantageous properties of the original inother. — , The nature of the 
mutation, responsible for the capability of development without 
fertilization, is of course a inatter of speculation. It may or may not 
be a true gene mutation. Perhaps apomixis is brought about by quite 
special constellations of genes and chromosomes. Some of these cause 
the egg cells to develop without fertilization, others inerease the num- 
ber of unreduce<I embryo-sacs, the resultant of these faetors being the 
proportion of apomictic offspring. 

The apomicts in Poa alpina and pratensis are peculiar by 
Iheir aneuploid chromosome numbers, but otherwise the apomictic 
phenomena in these species are similar in many respects to the con- 
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ditions in the genus Rubus. As demonstrated by Lidforss (1905, 1907 a 
and b, 1914), the Rubus species are generally predominantly pseudo- 
gamous but partially sexual. The hybrids formed, however, sceni to be 
purely sexual and give a very strong segregation in the next generation. 
On the basis of Ihese rcsults and experiments of his own, Gustafsson 
(1930) concludes that in Rubus apomixis is recessive to sexuality. In 
Poa apomixis was found to be recessive in hybrids between typically 
sexual «nd apomictic plants, but sexuality was also induced by other 
genotypical changes, viz. haploidy and triploidj". In Rubus, also, a new 
genotypical constitution, involving a complex change, always seenis 
to be accompanied by loss of apomictic propagation. The Rubus 
hybrids produced were all sexual, even if both parents were pre- 
dominantly apomictic. — On the other hand, Lidforss (1. c.) obscrved 
mutations in many Rubus species, leading to new morphological types 
but not to loss of apomictic propagation. This seems to indicate that 
apomixis in Rubus as well as in Poa is conditioned by the cooperation 
of several or many factors. This cooperation may be upset by Crossing 
or by quantitative chromosome changes but is not disturbed by minor 
changes such as gene mutations. 

In his publications Lidforss briefly mentions the importanl facl 
that the offspring of hybrids between partially pseudogamous parents 
show a lendency in later generations to become stabilized again. This 
probably implies tlial vigoroiis segregation producls, containing gene 
coiistellations for different degrees of apomixis, are favoured at the 
expense of the purely sexual products. In Poa alpina such a stabiliz- 
ation has not yet been observed, all the Fa progenies in the cross 
sexual X apomictic so far studied showing a marked variation. A 
return back to apomixis may perhaps occur in some families in later 
generations. 

Crosses between plants representing different degrees of sexuality 
and apomixis have also been undertaken in Hiemcium by Mendel 
(1869) and Ostenfeld (cf. Ostenfeld, 1910). As is well-known. 
Mendel found that his Hiemcium material behaved in quite the opposite 
way to the Pisum hybrids. The Fi generation was polymorphic, but 
each Fl plant, from which offspring could be obtained, was truc- 
breeding and gave a uniform progeny of maternal type. In Ostenfeld*s 
material the same result was obtained in most cases, but in a few 
crosses all or part of the Fi plants were sexual or partially sexual. 
Thus, in Hiemcium (subgenus Pilosella) apomictic seed formation 
generally seems to be dominant over sexuality. Recent results in 
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Potentilla seem to go in the same direction (A. and G, MCntzing, un- 
published data). By crosses between two biotypes of Potentilla Taber- 
namontani (T— B X T— A; cf. MUntzing, 1931) a few hybrids were 
obtained, the chromosome numbers of the mother, father and Fi being 
84, 42 and 63 respectively. Judging from morphological data and 
preliminary chromosome counts, tlie hybrids are true-breeding as in 
Hieracium. 

Thus, in Hieracium and Potentilla crosses beiween apomictic and 
sexual or partially sexual strains have given other results than in Rubus 
and Poa. In the latter category apomixis is recessive to sexuality, in 
Hieracium and Potentilla apparently dominant. Probably, however, 
Ihis difference is only gradual. In the Hieracium crosses sterile or self- 
sterile hybrids were frequently obtained besides Fi plants giving apo- 
niictic progeny (Ostenfeld, 1. c.). These sterile plants may in part 
represent sexual Fj plants, and in such a case the dominance of apo- 
mixis is not complete. On the other hand, the Fj plants in the cross 
sexual X apomictic Poa alpina had a tendency to produce haploids, 
indicating an apomictic tendency to development without fertilization 
(cf. below p. 181 ). 

2. Groups of Poa alpina apomiets wiih a different geographical 
distribution. — Though the apomictic strains of Poa alpina are characi- 
erized by peculiar aneuploid chromosome numbers, il is a striking faet 
that a partieular chromosome number is charaeteristie of groups of 
biotypes occupying a special geographic region. Thus, tlic most fre- 
quent number among the Swiss apomiets is 37, this number being 
charaeteristie of 7 strains from 5 different localities. So far this num- 
ber has not been met with in the Scandinavian material, which is 
charaeterized by the numbers 38 and 33. The former number was 
found in biotypes from the provinces of Jämtland and Norrbotten 
(Sweden) and in a type from Troms (Norway). The number 33 was 
represented by one biotype from Norrbotten and by the biotypes from 
Gotland and Mösseberg (South Sweden). The number 33 was also met 
with in one of the Swiss strains and in a viviparous biotype from aretie 
Norway (Flovik, 1938). The same author found two viviparous alpina 
biotypes from Spitsbergen to have 2n = 44 and 2n = 42 + 4 ff. Finally, 
the biotype from Öland (Sweden) represents a special number, 2n = 35. 

It is evident that the chromosome numbers of the apomictic strains 
have a special significance, and that they are not merely chance num- 
bers in a material showing the same great and continuous variation as 
the sexual strains with oscillatory chromosome number. It is obvious 
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Ihat the Swiss strains with 2n = 37 are more relaled to one another 
than to strains having different chromosome numbers. It seems highly 
probable, also, that among the Scandinavian biotypes the members of 
the group with 2n = 38 are more related to cach other than to the 
members of the group with 2n = 33. The latter group is especially 
interesting from a plant-geographical point of view, since it comprises 
northern types (from Pajala and arctic Norway) as well as two south 
Swedish biotypes (Mösseberg and Gotland). 

Turesson (1927) has discussed the relationship between south and 
north Swedish Poa alpina and especially the supposed relic nature of 
the former. He comes to the conclusion thal the Scandinavian po- 
pulation of Poa alpina is split into three different ecotypes, one alpine, 
one subalpine and one lowland ecotype. Further, the conclusion is 
drawn that the lowland occurrences of Poa alpina do not represent 
glacial relics, descending from the first immigrants of the species but 
are later types, having immigrated into Sweden when the climate had 
become more favourable. — Now the situation in Poa alpina has be- 
come rather changed, since it has been found that the species in 
Scandinavia is represented by apomiclic biotypes characterized by 
quite special chromosome numbers. The biotypes from northern 
Scandinavia, studied by me, seem to correspond morphologically to the 
subalpine ecotype described by Turesson, My material, however, was 
found to comprise two different chromosome numbers, 38 and 33, the 
latter number also being found in two of the three south Swedish 
biotypes studied. This strongly indicates that there are biotypes in 
the northern part of Scandinavia, which as regards their ultimate 
origin are of the same kind as the strains from Mösseberg and Gotland. 
— Though the evidence now available is too meagre for much 
speculation, I would imagine that the first immigrants of Poa alpina 
into Sweden belonged to the 38-chromosome group, and that these 
were followed by biolypes having 2n = 33. Some of them were 
capable of going far to the north, others settled down in the Southern 
parts of this country. 

Morphologically all the alpina strains so far studied by mc were 
found to be different, the most deviating type being the strain from 
Gotland (Fig. 15). No clear average difference in morphology between 
the groups with 38 and 33 chromosomes could be observed. Never- 
theless, I should think that the members within each group are qf a 
common origin, and that the morphological and ecological differ- 
entiation has occurred after these peculiar chromosome numbers 
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were established. Theoreticaliy it is possible tliat thc Scandinavian 
apomict groups with 2n = 38 and 33 have been differentiated from 
one original immigrant biotype with 38 and another biotype with 33 
chromosomes. At any rate, it is very probable that Ihe Mösseberg and 
(iotland strains have relatives in North Scandinavia, Though im- 
probable, the possibility is not quite excluded, however, that the south 
Swedish alpina types are rcally of a more receiit origin. A single Swiss 
agamospermic strain was, indeed, found to have 33 as its typical chro- 
mosome number, though most of the other Swiss strains had 2n = 37. 

The complcxity of the problem is also illustrated by the fact that 
the Öland strain of Poa alpina, studied by me, had a quite special 
chromosome nuniber, 2n = 35, not raet with in any other Poa alpina 
type. Judging from Turesson’s descriplions, there must also exist 
several different alpina biolypes in Öland, his type being much more 
vigorous than mine. Evidently, much more work is needed before 
a deeper insight into the problems outlined here can be gained. The 
most intcresting problem at present seems to be whether the Poa alpina 
types in Scandinavia and other regions are really divided into definite 
groups, characterized by special chromosome numbers and special 
geographical distribution areas. 

3. The formation of new biolypes and the origin of vivipary, — 
With respect to the Scandinavian alpina biolypes it was assumed that 
a differcntiation may occur by mutation, which does not involve a 
change in chromosome number. More evidence in favour of this inter- 
pretation was obtained from a study of the agamospermic and vivi- 
parous biotypes from Switzerland. Among tlie group of strains having 
2n = 37 as their characteristic chromosome number, all biotypes were, 
with one exception, morphologically different. The exception is re- 
presented by a strain from Arosa, which was indistinguishable from a 
strain collected at Rigi. A third strain, from Oberalp, was also very 
similar, but differed in some minor respects. These observations 
certainly indicate that a morphological diffcTentiation may occur due 
to mutations, not affecting the chromosome number. 

It should be remembered, of coursc, that in the Swiss material, 
including some strains with 2n = 37, different degrees of partial sexu- 
ality were met with. This might, indeed, be expected to contribute to 
a differcntiation of the species in question. In most cases such a differ- 
entiation should lead to the establishment of new chromosome num- 
bers, and we have reason to believe that most of the products formed 
in this way would not stand the test of natural selection. On thc 
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olher hand mutations, not affecling the cliromosomal balance, which 
guarantees a good vigour and a predomiiiant apomictic seed 1’ormalion, 
would have a much bettcr chaiice to lead to new biotypes with a good 
survival value. 

Chromosoine counts in tvvo viviparoiis clones from Switzerland 
demonstratcd with a high degree of probability thal differentiation by 
mutation may not only lead to niore or less conspicuous morphological 
differences but also to a traiisition from agamosi)ermy to vivipary. — 
The chromosome numbers of the viviparoiis clones were found to be 
2n = 26 and 2n — 33 respectively. These clones werc bolh collected 
at Arosa. From the same locality five agamospermic or partially sexual 
strains were also gathered, Ihree of them having 2n — ' 37, oiie strain 
2n = 33 and one strain 2n = 26 as their typical chromosome numbers. 
The numbers 26 and 33 were not iiiet witli in any of the remaiiiing bio- 
lypes from Switzerland. This being the case, it may safely be assumed 
that the viviparous clones with 2n = 26 and 2n 33 must be rather 
closely related lo the seed producing strains, having the same unique 
chromosome uumbt‘rs and being collected at the same locality. Since 
the chromosome numbers are unchanged, it also seems probable that 
the viviparous clones have arisen by mutation from the corresponding 
seed-producing biotypes. — In this connection it should also be ob- 
served that the viviparous Poa alpina type from aretie Norway (Flovik, 
1938) had the same chromosoine ninnber (2n — 33) as several of the 
agamospermic Scandinavian strains. 

4. Is apomixis in Poa aniscd by hyhridizatioiv* - In his book on 
apogainy, Krnst (1918) considers the possibility that the viviparous 
Ibrms of Poa alpina inighl be the result ol species hybridizalion, and 
Flovik (1938) believes that they are allopolyploids. As demonstratcd 
above, however, the evidence now available strongly suggests thal the 
viviparous types are differentiation produets, arisen by mutations from 
non*viviparoiis strains. This mode of origin seems lo be somewhal 
continuous. Ernst (1. c.) describes the occurrence of semiviviparous 
types in Switzerland iPoa alpina f. inlermedia), — On account of 
various observations, Nannfelut (1937 b) also coneludes that vivipary is 
not necessarily the result of hybridizalion. — Thus, Ihoiigh the vivi- 
parous forms of Poa alpina, as contrasted with the agamospermic ones, 
cannot be regarded as species hybrids, this does not exelude the 
possibility that in other genera viviparous types may arise in such a 
way. Flovik (1938) has presented evidence, based on chromosome 
morphological studies, that two different viviparous Festuca ovina 

12 


Hereditit» XXVI. 



178 


ARNE MtiNTZING 


types from Spitsbergen and arctic Norway should have arisen through 
crosses bctwecn certain varieties of F. rubra and F. ovina. 

In Crepis and Antennaria, on the contrary, Babcoce and Stebbins 
(1938) report results which are considered to indicate strongly that the 
onset of total apomixis in these genera is a gradual process, facultativc 
apomixis often preceding the obligate type. The same authors also find 
that in Crepis hybridization is not the cause of apomixis, many auto- 
polyploids heing just as completely apomictic as are the allopolyploids. 

Though vivipary in Poa alpina cannot be considered to be the 
immediate result of hybridization, the possibility must not be overlooked 
that the wliole species complex, Poa alpina, might be of a hybrid origin. 
In such a casc agamospermy, and secondarily vivipary, might ultimately 
be based on llie genotypical changes brought about by hybridization. 
In liuhus the groups of apomictic species are considered to be the re.sult 
of species hybridization (Gustafsson, 1930). — The evidcnce available 
in Poa alpina, however, is not in favour of such an explanation. The 
meiotic observations demonstrate a ralher marked degree of auto- 
polyploidy rather tiian allopolyploidy. In the first place Ihis is evident 
from a relalivcly high frequency of trivalenis and larger associations 
in niost of the plants studied. Secondly, the very good polJen fertility 
in the ancuploids and the absence of a correlation between chromo- 
some number, vigour and fertility point in the same direction. In 
these respeets the Poa alpina material is similar to pentaploid Duclylis 
plants (MOntzing, 1938 a). On account of their autopolyploidy such 
plants have quite good pollen, in contrast to their triploid molhers. 
In the offspring there is no correlation between chromosome number 
and pollen fertility and only a weak correlation between chromosome 
number and vigour. 

In Poa pratensis higher chromosome numbers than in Poa alpina 
must be reached in order lo secure a quite good pollen fertility. As a 
rule, pratensis plants having about 50 chromosomes seem to be partially 
sterile, hut as soon as the chromosome numbers excecd 70, approxim- 
ately, the pollen is perfectly normal. This was especially evident in 
the diplo-triploid pratensis twins and may also be observed when differ- 
ent pratemis strains are compared (MCntzing, 1932; Åkerberg, 1936 a). 
This indicates that in Poa pratensis there is more differentiation be- 
tween the genomes than in Poa alpina, or in other words that auto- 
polyploidy is more pronounced in Poa alpina than in pratensis. In 
Poa serotina (~ palustris), finally, Kiellander (1935, 1937) has shown 
Ihat a tetraploid apomictic strain, studied by him, is probably auto- 
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tetraploid, 3 — 4 quadrivalents generally being present at first ineta- 
phase. 

5. The aneuploid chromosome variation, — The variation in chro- 
inosome number wilhin the species Poa alpina and Poa pratennis shows 
a good deal of resemblance to the aneuploid chromosomal variation 
within the genus Carex, In a recent paper, Heilborn (1939) agrees 
with the view advanccd by Meurman and myself (cf. MOntzing, 1930, 
p. 361) that part of the aneuploidy in Cypcracccv is probably a result 
of ineiotic inslabilily in autopolyploids, part of the aneuploidy in the 
genus thus being the result of a breakdown of original autopolyploid 
forms. In Cmpcx the aneuploid variation in chromosome number is 
correlated with species differentiation. In Poa, on the contrary, there 
is at least in part a true intraspecific variation in chromosome number. 
Certainly it is not possible, for instance, to separate tlie Scandinavian 
alpina apomiets into three different species, characlerized by tlie chro- 
mosome nunibers 33, 35 and 38. — The Swiss strains of Poa alpina 
studied have not been subjeeted to any detailed morphological com- 
parison with the Scandinavian representatives of the species. However, 
Ihcrc does not scem to be any obvious morphological characlers 
dislinguishing the two groups. At any ratc they must be rather closely 
related, the hybrids between a Swiss and a Scandinavian strain having 
([uile good fertility. 

As alroady demonstraled in my previous paper on Poa (MOntzing, 
1932), tlie aponiictic strains are true aneuploid forms, and it is not 
possible to explain th(^ deviations from mulliples of seven merely by 
the assumption of fragmentation and other struetural changes. h^irther 
evidence poinling in the same direction has been obtained from the 
meiotic studies now reporled. As is evident from their size, the un- 
paired chromosomes, frequenlly oceurring al meiosis in Poa alpina, 
are obviously true uiiivalents and not fragments. — In spile of the 
absence of correlations between chromosome number, vigour and 
fertility the Poa alpina chromosomes are probably not inerl, progenies 
with variable cliromosome numbers always showing a marked pro- 
portion of plants with poor vigour and fertility. 

Furlher evidence that the intraspecific differences in chromosome 
number really represent different chromatin quantities is represented 
by the observed positive correlations between chromosome number and 
cell volume. In Poa alpina as well as in pratensis the size of the 
pollen grains was found to bc proporlional to the chromosome number, 
and in Poa alpina the same thing was found to be true of stomata size. 
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Tliough, consequentl)% therc must be a tnie aneuploid variation 
in chromosome number in tbe two species, this does not exclude the 
possibility that this aneuploidy may havc been furlher changed by 
slructural diffcrences of various kinds. Indeed, in Poa alpina^ as well 
as in the haploid pratensis, dicentric chroinalids and accompanying 
small fragments were observed. Thus, the planls in question must 
have been hetorozygous for inversions or duplications. 

The observed absence of a correlation between chromosome num- 
ber, vigour and fertility in Poa alpina cxplains the chromosomal poly- 
morphism of the species, occurring in iiature. Not only the apomictic 
strains are successful with aneuploid chromosome numbers, but also 
in sexual material of the species the chromosome number may cvidently 
remain oscillating for a long time, since no selective forces tend to 
decrease this chromosomal variation. - - When comparing the and 
Fa plants in the cross sexual X apomictic alpina, the chromosomal 
variation was found to- be just as intensive in Fa as in Fi^ and there was 
not even an average decrease in chromosome number. Such a decrease, 
however, was observed in progenies of the sexual strain from Fiirsten- 
alp, and theoretically it should be expected in all offspring from mother 
plants having an irregular meiosis. 

Though no correlation between chromosome number and per- 
centage of apparently good pollen grains could be established, a certain 
degree of selective gametic elimination may nevertheless be suspecled 
lo occur. This selection will probably favour gametes with numbers 
higher than the av(Tage. In this way the inevitable chromosomal 
elimination may be countcrbalanced and in some cases even lead to 
progenies in which most of the plants have a higher chromosome num- 
ber than the mother. A marked example of this kind is represented 
by one of the progenies of the »triploid» pratensis Iwins. 

Even if the chromosome number has a decreasing tcndency, as is 
undoubtedly the case in some sexual alpina strains, the chromosomal 
polymorphism will be upheld, due to the occasional functioning of un- 
reduced gametes. The union of unreduced ovules and reduced male 
gametes was, indeed, observed to be quite a comnion feature in sexual 
or partially sexual alpina progenies. In several cases even tetraploids 
were obtained, male as well as female gametes being unreduced. 
Especially if the functioning of unreduced ovules is repeated in con- 
secutive generations, as was observed to be the case in one of the Swiss 
alpina strains, a very considerable change in chromosome number may 
result. 
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From Ihe »triploids» and »letraploids» arisen by the functioning 
of unreduced gametes large numbers of new forms with varying chro- 
mosome numbers will certainly arise, and no permanent chromosomal 
equilibrium will be attained. 

6. The spontaneous formation of haploids. — Chromosomal 
variation in Poa alpina and pratensis is not only charaeterized by 
»jumps» in tlie plus direction, eventually followed by a slow process of 
decrease in chromosome number. The opposite process may also oceur, 
viz. the sudden formation of approximate haploids, having about half 
as many chromosomes as tlieir mother plants. In the first place a 
reguJar formation of haploids was observed in the offspring of certain 
hybrids between sexual and apomictic alpina, These hybrids had a 
relatively high chromosome number (2n — 41) and were the result of 
a union between unreduced ovules and reduced male gametes. In the 
progeny most closely studied the percentage of haploids formed was as 
high as 14,8 (Table 9). In the material in question this formation of a 
rather high proportion of haploids may l)e explained, fonnally, in the 
following way. 

From the sexual parent the Fi plant has inherited a tendency to 
produce reduced gametes and from the apomictic parent a tendency 
to development without fertilization. These tendencies combined may 
be responsible for the parthenogenetic development of reduced ovules. 
— It is rather probable that the plants with lower, ordinary chro- 
mosome numbers have the same tendency, hut in these cases the 
chromosome numbers of the haploids will be too low, the rcsulting 
individuals not being viable. — This idea is supported by the faet that 
in the sexual alpina strain from Fiirstenalp selection for low chromo- 
some numbers did not result in plants with lower numbers than 21. - — 
In Daetylis the effeet of iinbalanced chromosome numbers has also 
been observed to be much more serious, when the absolute chromo- 
some number is low than when il is high (MDntzing, 1938 a). 

Spontaneous produetion of a haploid was also observed in another 
progeny of Poa alpina (p. 144). This progeny belonged to a Swiss 
strain, which was evidently partially sexual. It comprised plants with 
several different chromosome numbers, the most typical ones being 26 
and 52. Also in this case a combination of two tendencies may be 
assumed, one tendency to reduetion, another to parthenogenesis. 
Usually, reduetion is combined with fertilization and non-reduelion 
with parthenogenesis, but evidently these variables may sometimes be 
recombined. In such cases the result may be either triploids or haploids. 
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It should be remembered thal haploids wcre not only produced in 
Poa alpina but also in Poa pratensis. In this species the haploids 
generally seem to arise as twin plants. — Thus, in both the species 
studied chromosoinal variation may evidently go in two directions, 
from low to high numbers as well as in the opposite direclion. This 
process of dovibling and halving in combination with the frequcnt 
occurrence of different degrees of apoinixis explains the extreme 
\ariation in chromosome number, which is typical of both species. 

7. Embryology, — A more complete picture of the situation in Poa 
will be obtained wlien more thorough erabryological investigations 
have been performed. One fact, which is clear already now, is that 
the apomictic mechanisin in Poa alpina and pralensis is different, at 
least in the strains studied so far. In Poa pratcnsis there is evidently 
apospory (Åkerberg, 1939), in Poa alpina, on the contrary, diploid 
parthenogenesis (Figs. 18 — 19). Thus, the Poa alpina apomicls are 
characl(*rized by the same embryological mechanism as Poa serotina 
(Kiellander, 1935). In the latter species haplo-parthenogeiiesis was 
also observed, and even fertilization may evidently occur (Kiellander, 
l. c.). — Il is rather interesting that different Poa species have solved 
the aquisition of an agamospermic mechanism in various ways, which 
are cerlaiiily conlrolled by different gene constellations. This is pn)b- 
ably the result of a gradual process. Two different constellations of 
factors have finally been established, which satisfy the need ot an 
apomictic seed formation in two different ways. 

8. Secondary polyploidy, — A rather slriking cytological fact, 
observed in the present material, is the establishment of a ])alanced 
secondary polyploidy in Poa alpina as well as in Poa pratensis. In 
the former species selection for low chromosome numbers in the sexual 
Fiirstcnalp slrain led to the produetion of a slable, but still sexual 
strain having 2n = 22. At meiosis 1 1 bivalents were regularly formed 
and, on an average, 84 per cent of the plants in the progenies had 
2n = 22 like their inother plants. Since the original basic number in 
Poa is certainly 7, the transition to a new basic number of 1 1 is really 
remarkable. — This case deserves further study, especially as regards 
the possible occurrence of secondary association. So far, how(‘ver, 
such an association has not been observed. It would also be interesting 
to study this slable strain from a chromosome morphological point of 
view and make comparisons with diploid Poa species having 2n = 14 
(e. g. Poa trivialis). 

Another case of secondary polyploidy was met with in the sexual, 
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(poly-)hapl()id Poa pratensis having 2n = 36. To niy surprise iiieiosis 
in this type was liighly regular, 18 bivalents being thc typical I — M 
configuration. The regularity of meiosis was also proved by !he pre- 
dominant chromosomal conslancy in the offspring after isolation. 
72 per cent of thc plants had 2n = 36 like their mother, and of the 
remaining plants 17 per cent had numbers close to 36 (p. 158). After 
open pollination, on the other hand, chromosomal variation in the off- 
spring was very strong, due to crosses with other pratensis biotypes 
having various high chromosome numbers. 

When speaking of the alpina and pratensis types under consider- 
alion as secondary polyploids, it should be kept in mind, however, thal 
their chances to survive under natural conditions are somewhat dubious. 
The pratensis strain, especially, is handicapped by its rather pronounced 
degree of slerilily, though vigour is quite good. The Poa alpina lype 
with 2n — 22 has a inuch beller ferlility and also a good vigour. Sinee 
this strain was produced by selection, however, and not taken directly 
from nature, nothing definite can be said aboul its survival value in 
compelition with other slrains. — Nevertheless, the slriking changes 
of the apparent hasic chromosome number are of interest and strongly 
support the conclusions drawn by previous workers (cf. Darlinoton, 
1937, pp, 239 — 243) that genera with high basic numbers, such as 
Pyras, (iossypiurn, Salix and Popnhis, are derived irom ancestors 
having lower basic chromosome numbers. 

9. Haplontic and diplontic sterility, — When considering sterility 
in the sexual, j)olyhaploid pratensis type just discussed, it should be 
observed that this sterility is certainly diplontic (or gcnic, according to 
Dobzhansky s terminology; Dobzhansky, 1937). Meiosis is regular, 
and the pollen qiiality rather good, but seed production very low. — 
Diplontic sterility may also occur in Poa alpina. In the Fiirstcnalp 
strain with oscillating chromosome number part of the plants were 
found to be male sterile, the anthers not dehiscing. This male sterility 
was positively correlated with the degree of tillering, vigorous plants 
with many shoots generally having dehiscing anthers. Thiis, sterility 
of this kind is controlled by the somatic condition of thc mother plant. 
However, haplontic sterility is certainly also at work in Poa. This is 
indicated by the faet that in Poa pratensis plants with high chromo- 
some numbers have a better pollen fertility than plants with low num- 
bers. In the former all the pollen grains obtain a sufficient amount 
of faetors necessary for their viability, in the latter part of the pollen 
grains are killed due to their own unbalanced constitution. 
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10. Conclusion. — The ratlier complicated cyto-genetical phen- 
omena mel with in Poa alpina and pratensis are evidently not limited 
to these species alone but are also characteristic of a rather large group 
of other Poa species. The occurrence of diploparthenogenesis in Poa 
palustris (= ser otina) has already been referred to above. The same 
species was also found to comprise strains with different chromosome 
numbers (triploid and tetraploid) and strains showing different degrees 
of apomictic seed formation (Kiellander, 1935, 1937). The definite 
or probabie occurrence of apomictic seed formation in Poa has been 
extended by Flovik (1938) to the species alpigena, glaiica and arctica, 
Poa alpigena was found to comprise strains with different chromosome 
numbers, and meiosis was found to be irregular in representatives of 
all three species. Thus, the rcsults described in this j)aper are not 
unique within the genus but may be obtained in other Poa species as 
well. The data from Poa alpina and pratensis now published may be 
regarded as one of the coiilributions to an analysis of Ihis interesting 
genus, which is now being attacked by various workers by means of 
cyto-genetical, embryological, morphological and plant-geographical 
melhods. — The main problem in the genus seems to be the origin 
and genetic basis of apoinixis. Hy combined efforts it sboiild be 
possible to elucidate this problem rather thoroughly, Ihe malerial avail- 
able being very well suited for siich studies. In the present paper the 
discussion of the apomictic phenomena has chiefly bc‘en cf>nfined to 
the genus Poa ilself. When morc data from the Poa species have been 
gathered the discussion may be extended to the apomictic phenomena 
in general. 

VIII. SUMMARY. 

1. Of 8 different apomictic strains of Poa alpina 4 were constant 
in morphology and chromosome number. In the other four strains 
different frequencies of aberrants were observed. In most strains the 
frequency of aberrants was not inereased by mixed pollina tions. 

2. The Poa alpina apomiets are characlerized by various aneuplold 
chromosome numbers. Biotypes from the same geographical region 
tend to have the same number. Thus, most of the Swiss apomiets had 
2n == 37, the Scandinavian strains representing the numbers 33, 38 and 
35. The characteristic chromosome numbers are valuable for plant- 
geographical studies. 

3. Meiosis in some Poa alpina apomiets was found to be irregular. 
The frequent occurrence of multivalents, combined with the faet that 
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Ihe struins studied have a very good pollen fertility, indicates a ratJier 
pronounced degree of autopolyploidy. There was also evidcnce of a 
structural differentiation of the chromosomes. 

4. Diploid parthenogenesis according to the Aiitennaria-scbeine 
was observed in one of the Swedish apoinicts of Poa alpina. 

5. In a sexual alpina strain with oscillatory chromosome nunibcr 
individual progenies showed a slight average deerease in chroinosonie 
nuinber, the aberrants with lower numbers than the mother being niore 
numerous than those with higher numbers. In this material there was 
no correlation betwcen chromosome number, vigour and fertilily but 
a positive correlation between degree of tillering and male fertility. 
Meiosis in this sexual strain is of the same type as in the p. in. c. of the 
apoinictic biotypes. 

6. In the sexual alpina strain selection for high and lovv chromo- 
soine numbers was undertaken. Selection for high numbers gave off- 
spring with chromosome numbers ranging from 25 to 04. In relation 
to the chromosome number of the mother planls the majority of Ihese 
plants were minus variates. Due to the funetioning of unreduced 
gametes the degree of chromosome variation among the plu^j variates 
was stronger than among the minus variates. Also in this material 
no correlation between chromosome number and vigour could bc 
established. 

7. Selection for low chromosome numbers gave rise lo a stable, 
bul still sexual strain with 22 chromosomes. Meiosis in this slrain is 
regular, 11„ being present at T— M. 

8. Anolher case of secondary balance was met with in a sexual 
polyhaploid of Poa pratensis having 2n = 36. Al meiosis in this type 
18ji were present at I — M and most of the offspring afler isolation had 
2n = 36 like the mother. 

9. In a sexual alpina plant, giving tetraploid offspring, the pollen 
size curvc was found to be bimodal in some sainples, unimodal in 
another one. Unreduced pollen grains were evidently formed only 
under certain cnvironmental conditions. 

10. A collection of Poa alpina strains from Swilzerland were 
studied. Predominantly, this material was found to be apomictic, but 
some strains were sexual to varying degrees. The most frequent 
deviations in chromosome number were due to the funetioning of un- 
reduced gametes. Also the opposite process was observed, viz, the 
formation of haploids from types with high chromosome numbers. 

11. On account of their chromosome numbers two viviparous 
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strains studied must be closely related to agamospermic strains from 
the same locality. In material with the same peculiar and aneuploid 
^chromosome number a differentiation by mutation must be assumed, 
leading to morphological diversity or even to a transition from agamo- 
spermy to vivipary. It is not excluded, liowever, that the whole spccies 
complexes Poa alpina and, especially, Poa pratensis are of a hybrid 
origin. 

12. (Irosses between a sexual and an apomictic Poa alpina strain 
were undertaken. The chroinosome nurnbcrs of the parents were 24 
and 38. In Ft the chroinosome nurnbcrs ranged from 25 to 43, one 
maximum corresponding to reduced female + reduced male gametes, 
another maximum to unreduced female H reduced male gametes. 

13. The F| [ilants had good fertility and were found to bc quite 
sexual. Of 17 F^ progenies raised, all showed variation in morphology 
as well as in chroinosome number. A regular formation of haploids 
(15 per cent) was observed in the offspring of some F^ plants witli 
high chroinosome numbers. This must be due to a e.ombination of 
the parental tendeneies to chromosoine reduetion and parlhenogenetic 
dcvclopment. 

14. All Fj plants tested >vere found lo be sexual. Therefore, 
apomixis cannot be due to a single gene hut rather to special con- 
stellations of genes and chromosomes brought aboul by nalural sclec- 
tion. In Poa pndensis formation of haploids or triploids from pre- 
dominantly apomictic types also leads to pure sexuality or an inereased 
degree of sexuality. 

15. The properties of a haploid pratensis type and a number of 
diploid-triploid twin clones of pratensis were sfudied. The twins with 
high chromosoine numbers require more tirne to reach their full devel- 
opment Ihan the twins with low numbers. In niost cases the twins witli 
an inereased chroinosome number were less produetive than the normal 
twins. Results of a morphological and Chemical analysis of the same 
material are reported. In Poa alpina as well as in P, pratensis a 
positive correlation between chroinosome number and cell size was 
established, 

Acknowledgment, — The work reported above has been grcatly 
facilitated by valuable eooperation with various persons. In the first 
place I am indebted to Doctors N. Sylvén and G. Nilsson-Leissner, 
Svalöf, for most of the original plant material. Some strains of Poa 
alpina were kindly put at my disposal by Doctors E. Åkerberg, Undrom. 



APOMIXIS AND SEXUALITY IN POA 


187 


and K. Flovik, Tromsö. For most of the somatic chromosome counts 
niy thanks are due to Miss M. Palm and Miss E. Holmqvist. 

Lund, Institute of Genetics, December 1939. 


LITERATURE CITED. 

1. Bakcock, k. b. aiul Stebbins, G. L. The Anifrirun species of ('.repis. 

Tlieir iiitorrolationship and distribution as affoctrd by polyploidy and apo- 
inixis. - - Garnegif Insl. of Wash., Piibl. No. i>04. 

2. Darlington, c. I). 1937. Rcccnt advances in cytology. 2nd edition. - London. 

3. Dobzhansky, Tii. 1937. Genetics and the origin of .species. — New York. 

4. ICrnst, a. 1918. Basturdieriing als Ursache der Apogamie iin Pflanzenrcich. ^ 

Jena. 

5. Flovik, K. 1938. Gytological studies of arclie grasses. - Hereditas XXIV, 

pp. stin— 

() Gustafsson, Ä. 1930. Kaslrierungen nnd Pseudogamie bei Hiibus . ■ - Botaniska 
Notiser 1930, pp. 477 - 494. 

7. Heilbohn, o 1939. (Chromosome sUidies in Cypcrnccae. III IV. - Hereditas 
XXV, pp. 2:24 240. 

8 Kieij.ander, (C. L. 193,). Apomixis bei Poa . Kcrofin ( t . — Botaniska Notiser 1935, 
J)p. 87—95. 

9. — 1937. On the embi\\ ological basis of apomixis in Poa palustris L. - Sv. 

Bot. Tidskrift, Bd. 31, jip. 42.5 — 42t). 

10. Lidfor.ss, b. 1905. Studier över artbildningen inom släktet Pubiis . - Arkiv 

för Botanik, Bd. 4, No 0, pp. 1- 41. 

11. 1907 a. Studier ö\er artbildningen inom sliiktet Hubits. II, — Arkiv för 
Botanik, Bd, 0, No. 10, pp. l -4^. 

12. - - 1907 1). Ober das Studium polymorpber Gattungen. — Botaniska Notiser 

1907, ])p 241 — 201 

13 - 1914 Resumé seiner Arbeiten iiber Hubiis. Zeitschr. f. ind. Absl,- u. 

Vererb.-lelire, Bd. XI 1, pp. l— la 

14. Menoel, (i. 1809. lleber eiuige aus kunstlieber Befruebtung ge^^onncne 

yy/erucrunibastarde - Verhandl. des nalurforseh. Vereines in Brunn 1869, 
pp. 20— ;iJ. (0 .stvvald’s Klassiker der exaklen Wi.s.sen.schaften.) 

15, MOntzing, a 1931. Nole oii the eytology of soine apomiclic PotcntilUi species. 

— Hereditas XV, pp. ICO — 178. 

10. — 1932. Apomiclic and .sc.xual seed formation in Poa . -- Hereditas XVII, 

])]). 1:J1 154. 

17. > - 1930. The evolulionary .significaiice of aiilopol} j)loidy. — Hereditas XXI, 

pp. 203— »78, 

18. — 1937. Polyploidy from twin seedlings. - Cylologia, FiiJii jub. vol. pp. 

211—227. 

19. — 1938 a. The (‘ffeets of chromosonial variation in Daetylis. - Hereditas 

XXHI, pp. 113—235. 

20. — 1938 b. Nole on beteroploid twin plants from eleven genera. — Hereditas 

XXIV, pp. 487—491. 



188 


ARNE MONTZING 


21. MOntzing, a. 1939. Chromosomenaberrationon bei Pflanzen und ibre getieli- 

scbe Wirkung. — Zeit.scbr. 1*. ind. Abst- ii. Vererb.-lehre, Bd. LXXVI, pp. 
323- 350. 

22. Nannfeldt, J. a. 1937 a. Tbe cbroinosomc numbers of Poa sect. Ochlopoa 

A. & Gr. and tbeir taxonoinical significancc. — Botaniska Notiser 1937, 
pp. 288— 254. 

23. — 1937 b. On Poa jemtlandica (Almqu.) Richt., ils distribution and possible 

origin. A criticisni of tbc theory of bybridizalion as tbe cause of vivipary. 
— Botaniska Notiser 1937, pp. 1 — 27. 

21. Nilsson, F. 1933. Själv- ocb korsbefruktning i rödsvingel (Festuca rubra L.), 
ungsgröe (Poa pratensift L.) och ängskavlc (Alopecurus pratensis L.), — 
Botaniska Notiser 1933, pp. 206 — 230. 

23. — 1937. FrösUltningen lu)s ängsgröe, Poa pratensis, — Botaniska Notiser 
1937, pp. 85— 100. 

20. Nissen, Ö, 1937. Spalleåpningenes störrelse hos tvillingplanter med ulike 
kroniosomtatl. — Botaniska Notiser 1937, pp. 28 34. 

27. OSTENFKLD, C.. H. 1910. Furlhcr studies on the apogamy and hybridization 

of the Hieracia, — Zcitschr. f. ind. Abst.- u. Vcrorb.-lehre, Bd. III, pp. 
241- 285. 

28. Kanckkn, g. 1934. Zylologische Unlersurhungen an einigen wirtschaftlich 

wcrlvollen Wiesengräsern. — Ada Agralia Fennica 29, pp. 1— 92. 

29. Turesson, g. 1927. Contributions to the genccology of glacial relics. — 

Heredilas IX (Festskrift för W. Johannsen 19 “/a 27), pp. 81—101. 

30. åkerberg, E. 1936 a. Studien iiber Sanienbildung J)ei Poa pratensis L. -- 

Botaniska Notiser 1936, pp. 213 — 280. 

31. — 1936 b. Bastard mellan Poa pratensis L.XPoa alpina L., artificiellt fram- 

ställd. — Botaniska Notiser 1936, pp. 503- 506. 

32. — 1938. Gröearternas fröodling — några förutsättningar ocli problem. — 

Beretning fra N. J. F;s Kongres i Upsala, Sektion II, Nr. 1, pp. i— 8. 

33. — 1939. Ai)omiclic and sexual seed formation in Poa pratensis. - Heredilas 

XXV, pp. 359- -370. 


CONTENTS* 

Introduction 113 

I. The apomictic biotypes in Poa alpina 115 

1. Material 115 

2. Chromosoinal and morphologiral aberralioiis 116 

3. The typical diromosome numbors 119 

4. Fcrtility 120 

5. Meiosis 123 

6. Embryology 126 

II. The sexual Poa alpina material from Switzerland 127 

l. The first progenies 127 

A. Chromosomal variation 127 


B. Correlalion belwcen chromosome number, vigour and ferlilily .. 128 



APOMIXIS AND SEXUALITY IN POA 


189 


2. Seleclion for high and low chromosoine iiumbers 130 

A. Seloction for high chromosome numhers 130 

B. Sclectioii for low chromosoine numhers 133 

3. Meiolic observations 136 

A. Begular meiosis in a plant with 2n = 22 136 

B. Irregular meiosis in a plant with 2ii — - 20 136 

C. Ou the occurrcncc of unreduccd pollen grains 137 

III. New Poa alpina material from Switzerland 138 

1. Constaiit or approximately conslant progenies with 2n 130 

2. A morphologically helerogenous progeny with 2n ijur 33 as Ihc typical 

chromosoine uiimber 141 

3. A progeny comprising niany different chromosome numhers 142 

4. Two viviparous eloiies 144 

5. Conclusions 145 

IV. Oosses helween sexual and apomiclic slrains 145 

1. The parenlal plants 146 

2. The A’i-farailies 147 

A. Chromosomal variation 147 

B. Vigour 140 

C. Fertility 150 

I). Meio.sis 150 

3. FVprogenies 151 

4. Fa-progenics 154 

V. Sonic new resulls in Poa pratensis 155 

1. A sexual haploid 155 

A. Introdiiclion 155 

B. Fertility 155 

C. Meiosis 156 

1). Progenies after open pollinatiou and isolation 158 

E. Hybrids with Poa alpina 150 

F. Progenies of the sister type with 72 chroinosoines 160 

2. Twin investigations 160 

A. Triploid and liaploid twin.s 160 

B. The properties of triploid twiiis 161 

a. Plant weight 161 

h. Morphological dala 164 

c. Chemical dala 165 

d. Pollen fertility 165 

e. Chromosomal variation in twin progenies 166 

VI. Chromosome number and cell size 168 

1. Pollen size in Poa pratensis 168 

2. Size of pollen and slomata in Poa alpina 160 

VII. Diseussion 170 

1. The genotypical basis of apomixis 170 

2. Groups of Poa alpina apomiets with a different gcographical distribution 174 

3. The formation of new biotypes and the origin of vivipary 176 



ARNE MÖNTZING 


4. Is apomixis in Poa caused by hybridization? 177 

5. The anetiploid chromosome variation 179 

6. The spontancous formation of haploids 181 

7. Embryology 182 

8. Secondary polyploidy 182 

9. Haplontic and diplontic sterility 183 

10. Conclusion 184 

VIII. Summary 184 

Acknowledgment 186 

Literature cited 187 



ON THE PROGENY OF DIPLOID X TRIPLOID 
POPULUS TREMULA 

WITH SPECIAL REFERENCE TO THE OCCURRENCE 
OF TETRAPLOIDY 

BY INGRID BERGSTRÖM 

INSTITUTE OF GENETICS OF THE UNIVERSITY OF LUND, SVALÖF, SWEDEN 


B y dirccHon of Professor Herman Nilsson-Ehle a series of crosses 
between ordinary diploid Popiilus tremula L. (2n = 38; cf. Black- 
BURN and Harrison, 1924) and Iriploid gigas forms of the same species 
(2n = 57) were carried oul al the beginning of 1937 at Ihe Institute of 
(lenetics of the University of Lund at Svalöf (cf. Nils.son-Ehle, 1938). 
Of the aspen types in qiäestion the diploid female type, which was used 
as a mollier plant in the cases trealed below, originated from Sätra Bruk 
in the province of Västergötland, while the triploid males reprcscntcd 
two different types, one of which belonged to the clone detected by 
Professor Nilsson-Ehle in 1935 at Lillö on Ihe shore of the Lake Ring- 
sjön in Skåne (Nilsson-Ehle, 1936) and the other lo a clone discovered 
by S. (j:son Blomquist in 1936 at Våle near Söråker in the province of 
Medelpad in northern Sweden (Blomquist, 1937). 

As reporled by MOntzing (1936), who has subjecled the Lillö type 
to a cytological investigation, the pollen grains of the triploid display a 
remarkable variation in size and quality as compared to those of the 
diploids, due lo meiolic irregularities. Thus a certain amount of giant 
grains are formed, which are supposed to represent the unreduced 
chromosomc number of 57. Providing pollen grains of Ihis type should 
funetion, a cross between diploid and triploid would give telraploid 
plants (2n = 7()) aniong ils progeny. The superior morphological pro- 
perties of iriploid aspens (cf. Nilsson-Ehle, 1938) as compared to 
diploids, which will enhance their value for industrial purposes, make 
the breeding of new types of this kind particularly desirable. The 
produetion of tetraploids would imply the possibilily of securing any 
number of triploids by crosses wilh diploids and that was the chief 
purpose of the breeding experiments in question (cf. Nilsson-Ehle. 
1938 and Möntzing, 1936). 

The crosses were carried out in a greenhousc, where branches of 
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ilie above-meiitioned types were kept in pots with water. The catkins 
of male and female twigs were made to develop simultaneously by 
i:etarding the developnient of the inore advanced ones by exposing theni 
for some tiine to lower teniperatures. When the proper stage was 
reached, the pollen, which was shed in abundance, was transferred to 
the stigmata of the female calkins. Seeds developed w^ithin a verv short 
time and genninated after a few days. 

Al the request of Professor Nilsson-Ehle the seedlings thus ob- 
tained were subjecled to a cylological examination in order to dcterniine 
tlieir chroinosome nuinbers, attention being especially directed lo the 
possibility of finding tetraploids. This task was preceded by a sorting 
of the material according to the different degrees of vigour displayed 
by the seedlings. According lo the directions given, the would-he letra- 
ploids, which were supposed to show to an amplified degree the mor- 
phological properties of the triploids known, were to bc sought for 
among the most vigoroiis plants. Those were all placed at the top of 
the batch, followed in a descending scale by seedlings of a weaker habit. 
The plants were numbered from 1 iipwards. 

The cylological investigation was started as soon as the seedlings 
yielded rool-tips suitable for fixalion. As fixative, diluted chrome acetic 
formaliii was used, and the sections were stained with gentian violel. 

It proved very difficult to find rcally good metaphases — if any 
divisions were found al all - ~ in which the chromosonies could be 
counted with accuracy. Even in the best of plates the exact deterinin- 
ation of the number was a difficult task, as the chromosonies, on a 
whole very small, represenl various categories of size, some being very 
small, others largcr, and one individual of each set slrikingly large in 
comparison with the rest. C.onseqiiently, il is sometinies very difficult 
to distinguish between a couple of smaller chromosonies lying together 
and an individual of one of the larger size classes (cf. MOntzing. 1936). 
As a rule three counts were made from each plant. For the above- 
mentioned reasons the numbers oblained were very seldom the same 
for all counts, there being usually a differcnce of a few chromosonies. 
Somctimes several counts, had to be made in order to get a fairly exact 
value. On later occasions fixations were carried out at different times 
and under different conditions, and some of them gave more satisfaetory 
rcsults, the cell divisions being more numerous and the plates fairly 
good. As found by Tometorp (1937), Runquist and the present writer 
to be the case also with leaf stalks and growing points it proved however 
difficult to find the most suitable occasions for the cell divisions, which 



DIPLOID X TRIPLOID POPULUS 


193 


TABLE 1. Chromosome nambers of seedlings of Populus tremula from 
the progeng of diploid X triploid. 


! Chromosome nnmber 

^21 

n 

comoinaiioii i i 

{38|39|10i41!42 43 44 46 46 47 48149 50 6l!52 33 54 

55 56 57 

' ' : ' 1 1 ! : i ! ! ' il 

Sätra X 3 6 0 3 3 3i 4; 2 6 8j » 7 11 9 6: 3i 4 

2 0 1 

1 1 

91 


seeiii to be much niore dependent on external conditions in the aspen 
than in many other plants* Further attempts will be made in future. 





Figs. 1 — 3. Somatic plates of diploid, triploid and tctraploid seedlings of Populus 
tremula from the progeny of diploid X triploid. — Fig. 1, 2n = 38; Fig. 2, 2n = 57; 
Fig. 3, 2ii 7B. — X 3300. (What seems to be oiie of the bigger chromosomes in 
Fig. 3 shoiild be iiiterpreted as twc» smaller ones lying end to end. In the original 
drawing tliis was quite obvious hut during the course of rcproduction it has become 

indistinct.) 


The investigation was started with the above-mentioned more 
vigorous seedlings, but also individuals from the remainder of the batch 
were included as soon as they developed root-tips suitable for fixation; 
thus an idea of the material in its entirety was obtained. Table 1 shows 
the distribution of the chromosome numbers among the seedlings of 
the Sätra X Lillö of f spring (PI) examined in the investigation, and 

13 
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aniounted to about 100 plants. The result does not seem to be entirely 
in accordance with what might be expected from a progeny of this type, 
wiiere the majority of plants should have chromosome numbers 
approximate to the diploid value (MCntzing, 1936). On the contrary, 
the values of most seedlings were aneuploid approaching tlie triploid 
side. There were only a few plants from which the exact diploid num- 



Fig. 4. Approximately triploid giaiit scedling (2n = ± 55) from the* progeny of 
diploid X triploid Populus tremula. 

ber of 38 was obtained (Fig. 1, PI — 1); some had approximately this 
number with 39 — 41 chromosomes, and plants were found representing 
almost all numbers from 38 to 57. Only one plant was found (PI — 1'69) 
which seemed to have the exact triploid number of 57 (Fig. 2). Of 
these plants the diploids and those approximately diploid proved to be 
rather vigorous plants of a normal development. This was also the 
case with those approaching the triploid number, but these plants were 
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distin^uislied by their coiispicuously increased vij^our, in sonie cases 
resulting in real gigas types wHh reinarkably large leaves and very tal! 
growlh (Fig. 4). As a rule the aneiiploids were very poorly developed 
and of a highly divergent appearance. Many of them died at an early 
stage. 

The hope of obtaining telraploids was fulfilled in thal one plant 
(PI — 30) was discovered in the investigation, which was foiind to have 
Ihe 2n value of 76 (Fig. 3). F.onnts were made at first from three roots 



Fig. 5. Tetraploid seedling (in the ceiitre) (2n — 70) obtained from llie progeiiy of 
diploid X triploid Populus tremula. 


which gave fairly good metaphase plates, one or two of which seerned 
lo give the number of 76, while in others only lower values were ob- 
tained, but all of them above 70. Re-fixations were made for control 
and had to be repeated owing to the scarcity of plates. The good 
fixations obtained confirmed the results of the preliminary counts, giving 
values varying belween about 70 and what seerned to be the exaet num- 
ber of 76, the latter being found in several plates. As is usually the case 
with plates with a high number of chromosomes and especially with the 
aspen where, as mentioned above, the difficulties of counting are con- 
siderable even at low numbers, there were almost one or two weak 
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points, however, where it was verv difficult to tell with absolute certainty 
whether one or two chromosomes were present. There seems, however, 
to,be sufficient evidence to pennit tlie conclusion being drawn that this 
plant is really a tetraploid. 



Fig. C. Lcaf of diploid Populux tremula (natural size). 

As soon as this tetraploid was found the rest of the material was 
Ihoroughly searched for plants of a similar appearance, and a few were 
selected for chromosomal examination, but none turned out to be 
tetraploid. 
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Fig. 7. Leaf of letraploid Poputus tremula (natural sizt"). 
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Tlie tetraploid plant ^Fig. 5) carried the number of 30 given in the 
above-mentioned sorting and thiis came high on the scale of vigour, 
though not on the top of it. Also, it did not at first attract attention 
owing to any pronounced properties as compared with others, but, as 
the vegetalion period advanced, it developed inlo a harmoniously built 
plant of remarkably vigorous growlh and had larger leaves than any 
other plant. In height it was, however, surpassed by some of the 
approximately triploid seedlings of gigas type. Fig. 6 shows a leaf 
from a diploid plant, and Fig. 7 one from the tetraploid plant. They 

l//your 

s 

4 
J 
2 
/ 

38 - 42 - 46 - SO - 54 - 58 76 

Chromosome number 

Fig. 8. Diagram showitig the average vigour of seedlings belungiiig to differeiit 
classes of chromosome numbers 

both represent the ninth leaf of the plant counting from the base 
(natural size). 

When kept for some time in the beds after having been removed 
from the greenhouse, the seedlings were subjected to a classification 
with respecl lo their more or less vigorous appearance. By means of 
ocular gradation they were referred to classes from 5 to 1 according to 
the higher or lower degree of vigour they displayed. The results 
obtained were placed in relation to the chromosome numbers of the 
seedlings involved. The diagram (Fig. 8), which shows the average 
vigour for the different classes of chromosome numbers, gives two 
maxima, the first at 3,36 for the diploid plants and for those nearly 
diploid,, and the second at 4,80 for those close to the triploid value. The 
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minimum occurs at 2,20 1‘or the aneuploids of the chromosomal dass 
42 — 46, wliich contains plants of low viabilily as also does the dass 
of 46 — 50, wliere the slightiy higher mean of 2 , 4 k is obtained. Plants 
approaching the triploid number, i. e. belonging lo the dass of 50 — 54, 
give the highcr value of 3 , 44 . l'he tetraploid seedling, not having at Ihat 
time yet attained the degree of vigour displayed later 011 , gives the value 
of 4. Though comprising rather a limited number of seedlings, about 
60, this gradation neverlheless indicates tlie tendency exhibited hy the 
progeny. 

Measurements of the stomata were also carried oul, though only 
on a rather small scale. The values obtained from the four plants 
involved, two diploids, one approximately triploid with 2n = + 55, and 


'FABLE 2. Length of stomata in diploid, triploid, and tetraploid 
seedlings of Populus tremula. 



Length of stomata (units) 

11 

Mim 


7 


9 

10 

11 

12 

1 

13114 

15 

16 

17 



{ Diploid 

6 

21 

38 

42 

29 

9 

4.1 0 

1 



150 

9,72 ± 0,12 

1 Diploid 1 

3 

12 

35 

37j34i21 

8| 




150j 

10,21 ± 0,11 

Triploid ' | 


4!n 

2l|40|36 

1816 

1 

1 0| 

1 

Li^J 

1 11,55 db 0,13 

Tetraploid 

1 1 

i 


8 I 13 I 33 

31 I 31 I 

23 

1 el 

1 5 I 

150 ! 

13.21 4- O.is 


the tetraploid, are show n in Table 2. The two diploids examined gave 
lower values than the approximately triploid giant, while the tetraploid 
plant shows the highest mean. The result is quite in conformity wdth 
the fad exemplified so many times, that an increase of the cell size is 
one of the effects of polyploidy. As indicated in another paper 
(BergstrOm, 1938), this may be useful for a preliminary sorting of 
the material when further selections are to be made. 

Fig. 9 is intended to illustrate the morphological variation ainong 
the material as exhibited by the differencc in leaf type in various plants. 
The leaves, which represent the largest size-class of each plant, were 
chosen with respect to this variation and thus do not all belong to plants, 
Ihe chromosome numbers of which are known. A few^ instances may, 
however, be cited. The second leaf from the right in the first row’ with 
the very marked dentition originates from an aneuploid plant (PI — 56) 
with ± 45 chromosomes, the first one in the second line belongs to a 

^ Approximately triploid with 2n ± 55. 
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giant plant (PI — 92) with + 55, the onc next to it (PI — 136) has + 41 
chromosomes, and, finally, the flrst leaf of the lower line represents a 



Fig. 9, Leaves of various seedlings from the progeny of diploid X Iriploid 

Populus tremula. 

plant (PI — 61) with a 2n value of +48. The length of the leaves is 
40 % of their natural size. 
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Among the seedlings examined from the Sätra X Söråker cross 
(PII), about 20 only, no tetraploid plant was found. As a whole this 
material seemed to represent a less favourable combination, the plants 
being as a rule of rather a poor development. 

Since this investigation was carried out a numbcr of new triploid 
aspens have been discovered at different localities all over Sweden, 
Some of these new types have been found to be female. There is thus 
a very extensive material available, on the basis of which further 
breeding work has to be done and is in fact at present being carried 
out at the Institute for Breeding Forest Trees at Svalöf. 

I am greatly indeblcd to Professor Herman Nilsson-Ehle for 
having entrusted the carrying out of this investigation to me. I also 
wish to thank Professor Arne Möntzing for many valuable sugges- 
tions, and I am much obliged to Mr. C. G. VON Sydow and to Mr. 
E. Runquist for having assisted me in various ways. 

Uppsala, April 1938. 
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THE CHROMOSOME CONFIGURATION 

CAUSED BY AN INVERTED HYPERPLOID SECTION 
IN DROSOPHILA MELANOGASTER 

BY OTTO L. MOHR and JEANNE COYNE MOSSIGE 

ANATOMICAL INSTITUTE AND GENETICS INSTITUTE, THE UNIVERSITY, OSLO, NORWAY 


I N the analysis of the 3rd chromosome deficiency Vein in Drosophila 
melanogaster (Mohh, 1938) advantage was taken of a translocation 
in which a section of the left arm of the 3rd chromosome (3L) including 
the free left end, is translocaled to the Y chromosome. This Y ; 3 trans- 
location was produced by X-rays by Painter and Muller (1929) and 
we are indebted to Dr. Muller for the stock and for permission to 
utilize the case. 

The males which carry this translocation have one normal and one 
broken 3rd chromosome, the left part of the latter being attached to the 
Y chromosome. Such males have a completc outfil of 3rd chromosome 
material and are accordingly viable and fertile. 

Our analysis of the salivary chromosomes proved thal the case is 
not as simple as previously assumed and a more delailed account will 
be presented in another connection. For the present purpose it is 
sufficient to mention that the translocated section which extends from 
Ihe free left end (61 A) of 3L to 72E in Bridges’ map (1935), was found 
to contain an inversion of the 63F. — 72E region. 

It cannot now be decided with certainty whether this inversion 
oceurred simultaneously with the translocation as a result of the 
radiation or w^helher it was present beforehand in the radiated fly. 
Dr. Muller states in a letter that there is no mention in his records 
of the presence of inversions in the 3rd chromosome. 

A photo of the 3L chromosome configuration from a T(Y;3) 
individual is presented in Fig. 1 and a diagram of the same in Diagram 1. 
In the latter the translocation (black) is denoted 1 2 4 3, 1 — 2 represent- 
ing the non-inverted, 4 — 3 the inverted section. The inversion causes 
the typical loop formation. The remaining section of the broken 
chromosome (5 — 6 in Diag. 1) is seen upwards to the right in synapsis 
with the corresponding part of the normal chromosome (white in the 
diagram). 

In. the selection of this preparation for illustration the question of 
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tlie relation of the broken chromosome sections to the Y cliromosome 
is left out of account. 



Fig. 1. The 3L salivary chromosome configiiration from a T(Y;3) XX fcmalc. 
For expUination see lexl and Diag. 1. 

\\ heii T(Y;3) luales are inated to + females we expect ordinary 
daughters and sons in eqiial numbers (see Diagram 2). The other 



Diag, 1. Diagrammatie representation of the 3L chromosome configuration of Fig. 1. 
Normal chromosome white. The transiocated seelion (1 2 4 3) and the remainder 

of 3L (5—6) in solid black. 


half of the male zygotes will be hyperploid for the transiocated section 
and that such hyperploid inales may occasionally survive was observed 
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by Painter and Muller (1929; Muller, 1930) who found that Ihey are 
small and weak. have a blunt body build, a dark patterned thorax and 
convex wings with imperlect crossveins. They are completely sterile. 
They are in tlie following denoted as »dark broad» {d. b.). 

'Phe actual result of such a test was: 

99 + 553; cfCf H- [T(Y;3)] 582, d. b. 65. 

By maling T(Y;3) cf to attached-X 9 we are also abie to obtain 


Eqqs from: 


K? 

£ 

o 

L. 

£ 

L. 

2L 

(/) 



wild 

a+tached- X 5g 



+ ? 

aublethal + cf 

— 

lethal 

lethal lethal 

^ 

hyperploid cf 

hyperploid j lethal 




+T(3iY)9 lethal 


Diaf». 2. The zygotes produced l)y niatings of T(y;3) males to -f females (left) and 
to XX fonialcs (right). 3L solid black, X and Y stippled. 


T(Y; 3) females as well as hyperploid females (see Diag. 2). A certain 
percentage of the latter survive and were found to show the same 
somatic characteristics as the hyperploid males. 

In this connection it may be mentioned that Painter and Muller 
in their description of the case (1929; Muller, 1930) state that the 
T(Y; 3) translocation is over 25 units long including the loci ru (O.o) and 
h (26.5). Our tests demonstrate that the translocated section extends 
considerably farther to the right, including the thread locus (43.2). A 
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mating of ru /i f/i sf cu , sr e* ca 9 X T(Y; 3) cfcT whicJi in the normal 
third chromosome carried tu jv se thst gave the following off spring: 

99 futhst 72; cfcT +77, d.b.st 7, rufhst 1. 

The fact that these hyperploid d. b. males are non-ru, non-t/i biit 
show st in spite of the fact that they are known to be homozygous for 
all these genes, proves that the translocated section contains the normal 



Fig. 2. The 3L salivary chromosome configuralioii Jroin an XX female hyperploid 
for the 61A — 72E section wilh the 63C — 72E region inverled. I haploid, Il - di> 
ploid, 111 ™ triploid. The distal part of the hyperploid section (to the left) is brokeii 
off by accident during the x>reparalion 

alleles of tu and th but not of st and that it accordingly ends between 
ih (43.2) and st (44.o). 

The single tu th st male obtained in the test is an XO exception due 
to non>disjunction in the mother. 

In the salivary analysis of the translocation crosses of attached-X 9 
by T(Y; 3) cfö’ were used in order to study the translocation in female 

* For the drawings and diagrams we are indebted to the artist of the Anatoinical 
Institute, Miss S. Morch. 
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larvae. At the same lime Ihis affords an opportunity of shidying the 
synaptic relations in female larvae hyperploid for a chromosome section 
wliich contains an inversion. 

Preparations from two such hyperploid females have been obtained. 
Fig. 2 shows the 3L chromosome configuration from such a female. As 
will be seen the two normal 3L synaptic mates have synapsed along their 
entire length, and the hyperploid section with the inversion has synapsed 
with the corresponding part of this diploid chromosome, except for the 
fact thal the distal part of the inverted section has been broken off by 
accident during the preparation (to the left in Fig. 2). The inversion 

causes a typical loop formation, 
principally quite like the loop formed 
in diploid individuals heterozygous 
for an inversion. 

Hence the 3L chromosome con- 
figurafion starts wiih a triploid section 
which divides T-like in a diploid (left ) 
and liaploid (right) branch. Within 
the latter, which in this preparation 
is very much stretched, lies the left 
end of the inversion. From here on 
the hyperploid inverted section is in 
complete synapsis with the corres- 
ponding part of llie normal diploid 
chromosome, making the entire loop 
triploid until the above rnentioncd 
broken end. The rest of 3L (from 
72E to the .spindle fibrc attachment) 
is of course diploid. A photo of the 
same preparation is presented in Fig. 3. 

Fig. 4 shows the 3L chromosome configuration from another hyper- 
ploid female larva. Here the critical regions are less stretched and the 
distal end of the inverted section is complete and conneeted with nucleolar 
material. At this point there is an aggregate of chromatic material which 
probably belongs to (a section of) the Y chromosome, a point which 
will not be diseussed here. 

In a diagram of the same chromosome (Diag. 3) the hyperploid 
translocated section (black ) is indicated by the figures 1 2 4 3, 1 — 2 
representing the non-inverted, 4 — 3 the inverted region as above, 

We find accordingly that synapsis is quite regular in the salivary 



Fig. 3. Photo of the .same prepar- 
ation as Fig. 2. 
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gland cells of individuals hyperploid for a chromosome section wliich 
incliides an inversion. 

That an inverled section in one haploid chromosom(‘ causes the 



Fig. 4. The 3L salivary chromosome configuration from an XX female hyperploid 
for the hlA~-72E] region with inversion of Ihe 63C — 72E section. I r=: haploid, 

II — diploid, III — triploid. 



Diag. 3. Diagrammatic representation of the 3L chromosome in Fig. 4. Tlie normal 
diploid chromosome white, the hyperploid section (1 2 4 3) in solid black. 

normal haploid mate to participate in a loop formation during synapsis 
is quite natural. But it might well be supposed that the presence of 
an extra chromosome section with an inversion, in addition to the two 
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normal synaptic mates, might present difficulties which would lead to 
irregularities. 

This is however not the case. The evidence presented demonstrates 
that there is complete synapsis of the two normal chromosomes result- 
ing in the formation of a normal diploid 3L, and the synaptic forces 
which cause homologous loci to contact are so potent that an extra 
haploid section with an inversion forces this diploid chromosome to 
participate in a loop formation of quite regular type. 

SUMMARY. 

The salivary analysis of a Y ; 3 translocalion produced by Painter 
and Muller by X-rays showed that the translocaled section extends 
from the free lefl end of 3L, uiz, 61A to 72E and contains an inversion 
of the r)3(i — 72E region. 

By appropriate matings salivary preparations of female larvae 
hyperploid for this translocation were secured. It was found that there 
is complete synapsis of the two normal 3L chromosomes with the hyper- 
ploid section, resulting in the formation of a triploid loop corresponding 
to the inverted region. 

Evidence is presented which deiiionstrates ihat the translocated 
section is much longer than previously assumed, extending to a poinl 
between thread (43.2) and scarlet (44.o) in the linkage inap. 
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THE BALANCE SYSTEM OF MEIOSIS IN 

HIERACIUM 

BY G. GENTCHEFF and Ä. GUSTAFSSON 

INSTfTUTE OF GENETIOS, SVALÖF, SWEDEN 


INTRODUCTION. 

I N Ihis paper the aulJiors do not inlend to give a iull account oi‘ tlie 
tlieory of mciosis, tlu*y only wish lo take up for discussion some 
problems liitlierlo neglecled or unknowii lo cylologists in general. Our 
opinion is thal no inorphological findings can explain fiilly llie diffei- 
entiation of meiosis and tnitosis biii niay neverthelcss be of value for a 
fiiliire attack on the causes of meiosis, not only on Ihe coiirse of meiosis. 
Here we wanl to emphasize tbal recent X-ray resiilts have demonstraled 
quite clearly llie tiine of chromosoine splitting in mitosis and the 
connection between rej)roduclion and nuclear sensitivity. Our inter- 
pretation of Ihe facts given below is, however, independent of Ihis view. 
Similarly we have nol discussed things from the view of the precocity 
theorv as outlined l)y Darlington, aithough tliis tlieory signifies a 
Uirning point in tlu; liistory of cytology. 

Recently, one of the authors ((iENTSCHEFK, 1937) found a peculiar 
mode of tapetum develo])ment in several apomicls of Hieraciunt. Since 
pollen production in inost apoinictic Archientcium biolypes is verv low 
or nil, and tapetum degenera tion differs from the behaviour in sexual 
types, there is presuniably soine caiisal connection. We began this study 
with the intention of re-checking the behaviour of tapetum in different 
apomicts and in pollen-sacs showing different types of division. 

Some years ago the other author ((iusTAFSSON, 1935) studied the 
female development of several apoinictic genera and found growlh and 
timing phenomena to be closely connectt*d with changes in meiosis. In 
a paper pulilished in 1939 a series of apoinictic phenomena were shown 
to depict Ihe same regularity. The occurrence of some exteriör faetor, 
changing meiosis and conneeted with these growth phenomena, was 
postulated. The other problem to be studied in this investigation was 
Iherefore: Do we find in PMC:s with disturbed meiosis growth phen- 
omena or altered time relations responsible for the niitotic-like 
behaviour? 
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Finally: What bearing have these eventual growth or time phcu- 
oinena and the balanct? between tapetiim and PMO.s on the explanation 
of ineiosis? 


MATERIAL AND TERMINOLOGY. 

In the laie spring of 1939 the aulhors started a scTies of injection 
experiments with folliculin, testosteron, aneurin, auxins and colchicine 
on differeni species of Lilium, Crepis and Hieracium in Lund Botanical 
(iarden in order to sludy the hornional influence on meiosis. For the 
sake of comparison untreated plants were fixed. Later we found a 
meiliod for the cultivation of Spinacia and Pisum biotypcs under light- 
and dark>conditions from seed to flower on agar containing differeni 
salts and horuiones, a report of which wil! be given shortly. For the 
original purpose of comparison but also for studies on normal meiosis 
we fixed material of several Hieracium types. Buds were fixed in the 
chromic acid-fixative used al Svalöf (^hroinost)me Laboratory with 
some minules’ prefixation in alcohol. The types sludied in this paper 
are H, apeciosum Hornem. and leiophaniim Dt. (2n = 18), IL caeru- 
laceum Arv. (2n = 27), H, rohiistiim Martr. and amplexicaule L. 
(2n = 3(>). A careful examination was made of the two last-menlioned 
apomicts. The injection material has not been studied so far, but 
apparently the injections cause a series of non-specific artefacls. The 
cultivation method mentioned above should be superior. 

A great many facts have accumulated from the studies on apoinictic 
problems during the two last decades. Unfortunately, however, many 
scientists working in this field have not denied themselves the pleasure 
of introducing new terms or of changing the meaning of old ones. A 
inost simple but clear terrninology should be applied. 

In order to facilitate the reading of this paper and to avoid mistakes 
we wanl to give short definitions of the terms and expressions used. 

Agnmospermy (Täckholm, 1922): Seed production without fertili- 
zation. Comprises the three phenomena of diplospory, apospory and 
nucellar embryony. 

Allogenomatic and autogenomntic (Lev an, 1937): The genomes are 
respcctively structurally differeni or identical. Used by Levan for di- 
ploid organisms exclusively. The terms can be also used for polyploid 
organisms. An autogenoraatic tetraploid has four genomes identical 
from a pairing point of view, an allogenomatic tetraploid has four 
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genomes whicli are structurally different or non-homologous. The wider 
usagc of the terms has.been approved of by Levan. 

Apogamety (Renner, 1916) : The formation of a sporophyte without 
fertilization from a vegetative cell in a gametophyte. 

Apomixis (VVTnkler, 1908): Propagatioii without fertilization. 

Apospory (Bower, 1885): The formation of a gametophyte from 
vegetative cells of a sporophyte by mitotic divisions. Transitional stages 
lo diplospory exist in phanerogams. 

Chromoplasm (Koltzoff, 1938): A collective term for the sul)- 
staiices, nucleic acids and proteins, which form the chromosome cover 
or calymma at the kinetic phase of meiosis and mitosis. 

Diplospory (Edman, 1931 ): The formation of an unreduced gameto- 
jihyte from generalive cells by means of divisions having rneiotic or 
sonietimes a mitotic character. The unreduced chromosome number 
may arise by the formation of restitution nuclei, pseudohonieotypic 
divisions or mitotic-like divisions after growth and vacuolisation 
phenomena. 

Hieracium horeale, hievigatum and pseiidoillyriciim types (Rosen- 
berg, 1927): The H, boreale type has a variable pairing of from no 
bivalents to many. The //. laevigntum tyjR^ is the extreme case having 
still contracted, meiosis-like chromosomes hut without any pairing. In 
the //. pseudoiUyriviim type a nuclear conlraction takes place at pro- 
phase and chromosomes are enlifcly mitotic-like a t later stages. 

fnterphase (Lundegårdh, 1912): The so-called resting stage be- 
twcen two nuclear divisions. 

Interkinesis (GreCiOIRE, 1905): The transitional stage between first 
and second division of meiosis. Interkinesis may be more or less a rcal 
interphase. 

Nucellar embryony: The formation of a sporophyte from nucellar 
cells without gametophyte formation. 

Parthenogenesis (Winkler, 1908): The formation of a sporophyte 
from an egg-cell, whether this has arisen in haploid, diplosporous or 
aposporous gametophytes. 

Pseudohomeotypic division (Gustafsson, 1935): No chromosome 
pairing. Univalents gather in the equalorial plane and divide at first 
division. No second division occurs. 

Semiheterotypic division (Rosenberg, 1927): No pairing. Uni- 
valents are scattered over the metaphase spindle. Restitution nuclei 
frequently arise. Second division occurs. 

Tapetum: One-, two-, four- and eight-nuclear tapetum implies that 
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DOUBLE CHROMOSOME REPRODUCTION, FRAGMENTA- 
TION AND TAPETUM DEVELOPMENT IN HIERACIUM 

ROBUSTUM* 

H, rohiistum, nover producing pollen, exhlbits three lypes of division 
in Ihe PMC^is, all connected in some way wilh tlie tapetuni developinenl, 
time of division or with the situation of tlie flowers within a head. lii 
a paper of 1927, Rosenberg (1927 a) described one rei^ularily wilh 
regard to bivalenl formation. In biotypes, iisually witlioul bivalent 
formation, rare bivalents occurred, always at the peripbery of Ibe bead 
in tbe very old flowers. Tbis finding was confirmed by (iENTSCHEFF 
(1937) and is truc also of tbe apomicts examined Jiere. Apart from 
Ibal regiilarity, Rosenberg did not discover any conspicuoiis exteriör 
influences, connected witli differences in division type, in spite of tbe 
fact tbat they are sometimes obvious. 

//. rohmtuin dilTers in all division lypes witb respect to lapetum 
development and division start from tbe normal as illustra led by 
(iENTSCHEFF (l937). lii general early propbase slages of Archicracium 
apomicts aj)pear at tbe time of one- or Iwo-nuclear tapetuin, nietapbase 
and interkinesis at two- and foiir-nuclear stage. Just a little later tbe 
fusion of tbe four nuclei takes place. Eigbt-nuclear tapetal cells may 
also occur. 

Division type 1 is found in young flowers in tbe niiddle ot* tbe bead 
(Figs. 1-3). (iells and nuclei are extrcinely small (Table 1), Ibe 
tapetuin al tlie propbase stage still being one-nuciear. Division in 
PM(i:s proceeds rapidly. At metaphase stage cbromosomes are con- 
Iracted and form a semibeterolypic division wilbout bivalents and witb 
tbe univalents scaltered over tbe spindle. Yet the tapetuni cells are in 
tbe one- to two-niiclear stage, tbis being tbe case at firsl telophase also. 
Anaphases are irregular, leading to the origin of polynuclear PMF.s. 
Regular dyads and restitution nuclei are scarce, an important point in 
tbe interpretation of tbe next division type. In some cases metaphases 
contain mitotic-like cbromosomes or tbe first division is more or less 
pseudobomeotypic in cbaracter, with many cbromosomes arranged in 
the equatorial plane and splitting lengthwise. 

Division type 2 represents a double reproduction of tbe cbromo- 
somes. As is well-known, special tissues of some plants give a con- 
tinuous increase in chromosome number, due to internal reproductions 
(Gentcheff and Gustafsson, 1939 a and b). The same result was 
obtained experimentally in Allium after auxin-treatmenl (Levan, 1939). 
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In 1927 Rosenberg discovered a case in Ihe PMC:s of Hieracium mnbell- 
atiim f. apomicta, wliich seonis to be similar, but be interpreled the 



6 

Figs. 4—6. Division type 2 and X — 4. Inlerphase of division lypo 2. Tapelum 
with four single or fused nuciei. Cells and nuclei havc grown intensely. - - 5. Laler 
stages with double reprodiiclion {36„, each chromosome apparcnlly having two 
ohromatids). At motaphase Ihe paired condition is freqiiently omitted. Tapetum 
very old. — 6. Division type 3. Tapetum cells even largcr and older than in 5, but 
VMCis have not grown so much. Owing lo the stretching of the pollen-sac tissue 
the PMC:s lie separate and have rounded off. — X 950. 
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peculiar behaviour of chromosomes and nuclei as being diu» to tlu» 
formation of restitution nuclei. Af ter considering all facts and inter- 
pretations possible, we conclude that in H, robustum another exainple 
of the Spinacia case is inet wilh. Since cbromosome behaviour is differ- 
ent at meiosis and mitosis, the double reproduction will eventiially cause 
an extremely inleresling change in meiosis. 

In most of the pollen-sacs cells and nuclei coiitinue growing with- 
out any divisions beginning. Interphase and early prophase stages — 
prior to the visil)le differentiation of chromosomes — occur wben the 
tapetum cells coiitain two and four nuclei (Fig. 4). Mid- and late 
prophase are simultaneous with tapetum cells having four single or 
fused nuclei (Figs. 5, 9). At early prophase PMC^nuclei can sometiines 
be seen, slrikingly reseinbling mitotic stages from the peribleni in 
Spinacia (Fig. 9). FJiromosomes appear as long slender threads, lying 
in pairs and twisted around each otlier like chromatids (relational 
coiling). Whether the chromosomes themselves consist of two chrom- 
atids or not cannol be decided with certainty; in suitable places they 
appear double, similar to the case in Spinacia. In more advanced stages 
the chromosomes contract but are still coiled once or twice around each 
other and lying in pairs (3hi,). At the same time as they decrease in 
l(»nglh, chromosomes become denser and thicker and their breadth is 
definitely greater than at interkinesis or early second prophase (Hgs. 7, 
8, 12, 13). At late prophase the mutiial coiling has disappeared but 
most of the chromosomes are in i)airs. Freqiiently median connections 
are seen. Presumably they are due to a delayed centromere division 
as in auxin-treated Alliuin species. Af ter the end of prophase - rnorc 
or less diakinesis-like — the chromosomes have contracted even more, 
and at metaphase they exist as large round elements (Figs. 17, 18). 
Pairs of chromosomes still occur in many nuclei. Frequently, however, 
the individual chromosomes have separated and form a typical semi- 
heterotypic division, the univalenls being scattered all over the spindle. 
Sometiines metaphases with long and slender, mitotic-like chromosomes 
are found. 

In the same pollen-sacs where this double-reproduction has taken 
place, cells wilh the single chromosomc number (36) also occur (Figs. 
10, 14, 15). The number of these tetraploid PMC:s is variable. In no 
case has bivalent formation been observed in the median flowers. 
Apparently bivalents cannot arise in sacs with double reproduction, 
the nuclei either containing the double or the single number. 

Prophase chromosomes of these tetraploid nuclei present the com- 
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nion appearance, characlerisllc of Hieracium-apomicis havin^ tlu* 
horeale- or laeoigatum-iypQn of meiosis. They are fairly long and thick, 
always with the two clironiatids closely attracted. At metaphase they 
are strongly condensed, almost round in shape. Generally forming a 
semiheterolypic division they lie scattered over the spindle. Sometinies 
they enter the equatorial plane and give a pseiidohonieolypic division, 
usually irregular. Sa ve for the chroinosome number octoploid and 
tetraploid nietaphases with scattered univalents appear completely 
identical. Anaphase separation is disturhed in both types of cells, and 
interkinesis-stages with micronuclei are coninion. The study of second 
division is rendered difficull, because PM('i:s start to degenerate already 
before metaphase. In soine heads and flowers the early degeneration 
is especially pronounced. In those verv aberranl case\s lapetum cells 
differ markedly from the normal appearance. 'Fhey are swollen and 
contain vacuole-Iike formations. Usually the chromatin of the tapetum 
is discoloured or has begun to dissolve. in many flowers degeneration 
of the PMG:s is not expressed iintil the first lelophase or inlerkinesis. 
At any time when PMO.s degenerate, tapetum cells are abnormal and 
have reached the 8-nuclear or 4-fused stage. The correlation is quite 
clcar. 

The premeiolic interphase and the early meiotic prophase are 
extremely mitotic-like: in faet, with the exceplion of differcnceis in size 
Ihe similarity betw(*en lapetal and PM('.-nuclei is conspicuous. As has 
been mentioned already, early ])rophases of doiible-reproduction nuclei 
are remarkably reminiscent of periblem divisions in Spinficin. This 
slate of things must be kept in mind in any diseussion of the results. 

As mentioned above, Rosenberg (1927 b) explained the occurrence 
of similar pietures in H, iimhelUitiim f. apomieta by assuming the 
formation of restitution nuclei. In some microsporangia of this apomict 
the PMC:s were old and rounded off before division sel in. In such 
divisions bivalents formed frequently. At first telophase two nuclei 
arose, often very different in size. Small cells remained undivided, 

Figs. 7 — 10. Divisions in pollen-sacs with double reprodiiclion. — 7 and 8. Two 
PMC:s cul into Iwo portion.s, each of theni witli 36 pairs of chroinosonies. In some 
cases the individiial chromosomes have become free, in others they lic close, diie to a 
previous relational coiling (the Iwisting is still \isible). — 9. One very early prophase 
with double reproductioii, similar to periblein>divisions in Spiimcia, Tlie relational 
coiling is apparent. In the PMG to the right prophase is more advänced. — 10. Senii- 
heterotypie prophase (36|) from a inicr(»-sporangium with double reproductioii. The 
niiclciis is small. — 11. An inlerkinesis-stagc (2nd prophase). Nole the smaller size 
of chromosomes, nucleus and cell as compared with Figs 7 — 9. — X 2100. 
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Iheir nuclei bcing at an interphase-stage. In some cells the nucleus is 
in an interkinesis-like prophase with split chromosomes. In the com- 
mon type of restitution nuclei therc are 27 splil chromosomes, but in 
Ihesc cases both single and double chromosomes were present. The 
explanation of the high chromosome number is, according to Rosen- 
HERG, that anaphases of PMC:s with a previous bivalent formation 




ri}?s. 12 18. Division type 2 continued. — 12 and 1 vvo portions of llu* same 

PMC (36,1, fratiments are due to the sectioning). — 14 — 15. One prophase nucleu.s 
with 36 univalents (actually 38 bodics oceur, the liighcr number is diic to the seclion- 
ing) — 16 — 18. Metaphases from cells with tlie telraploid number (Fig. 16), from 
cells with 36 pairs of chromosomes (Fig. 17) and 72 imivaleiits (Fig. 18). In all 
metaphases chromosome size and struclure are identical. — X 2100 

obtain disjuiucd bivalent chromosomes, each consisting of two chrom- 
ntids. Univalents gather at the equator and divide already at first 
division. Then a nuclear membrane is formed around all chromo- 
somes. During the subsequcnt interphase (interkinesis) those chromo- 
somes formerly participating in bivalent formation split. The chrom- 
atids of these chromosomes lie in the form of pairs and at second 
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inetaphase tliey move to the equator. The cliromafids of the univalent 
chromosomes do not split at second division, bcing the result of a 
splitting in first division, and so they remain at the outskirts of the 
spindle. Whether Rosenberc/s interpretation is true or not, we do not 
ventiire to dccide. Some properties of these supposed reslilution nuclei 
are, however, suspicious. All tlie nuclei examined contained exactly 
54 chromosomes (2 X 27), no more, no less. As restitution nuclei are 
often incom])lele, lower numhers could he also expected. The supposed 
interkinesis-chromosomes differed in shape and appearance from the 
normal, and metaphase chromosomes were contracted as at first meta- 
phase. This last leature is especially siirprising. Taking all these 
tacts into accounl, we cannot disregard the possibility of a double re- 
produelion even in H. iimhelldtiim f. apomicta. In such a case the 
single chromosomes of a pair would have slipped off eacli other rather 
early. In facl, al least Iwo of the singles in Rosenberg's Fig. 2 A lie 
close, and two olhers somewhat more apart. The same is true also of 
Fig. 2 H. In the double reproduction nuclei of H. robmtum we have 
often found that the separation of paired chromosomes may begin 
prior to the disappearance of nucleolus and nuclear membram». 

By various means it can be proved thal Ihe double reproducllon in 
IL robustum cannot be explained in the manner oullined by Rosenberg 
tor H. iiinbellalum, 

1 ) The earlicst divisions visible (belonging to type 1 ) are very 
irregular. Bivalents do not arise. Restitution nuclei are rare and, if 
formed, often incomplete. Bivalents have been s(*en but exclusively in 
the peripheral flowers. The corresponding divisions begin even låter 
than those of division type 2. Bivalent formation is not prior lo but 
lalcr than double reproduction. — 2) In the evenl of double reproduction 
the whole of a pollen-sac contains cells with one single nucleus (in 
contrast to the conditions in Rosenbreg’s investigation). If these single 
nuclei were restitution nuclei, two- or poly-nuclear cells should be found 
side by side. — 3) The inlerphase is more similar to the corresponding 
mitotic stage than to an interkinesis. In fact, the granular or nel-like 
structure of PMC:s and tapetal cells is identical. - - 4) These interphases 
give rise lo prophases wuth normal unpaired chromosomes (36) close 
to the double reproduction nuclei. Corresponding st ages are seen in 
both types of cells. The prophase chromosomes of doubled nuclei are 
no doubt different from those of interkinesis. They are thicker and 
broader with a ratio of length: breadth much smaller than in mitosis 
or second division. The chromosome number is always either 36, or 
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36, |, Jilid oiily at the end of propliase or transition to metaphase do the 
chroniosonies of a pair separate. — 5) Early prophases look different 
Jrom inUTkinesis>stages. The threads are twisted aroiind each other 
and are longer and inore slender than in a second prophase. — 6) Meta- 
phases are similar whether they conlain 36,, 36„, 36„ — 72, or 72,. 
(3iromosomes are extremely contracted, square or round in shape and 
differenl from tliose at second metaphase. They always lie scattered 
ovcr the spindle or form an irregular pseudohomeolypic division later 
on. Kv(mi in the event of a remaining pairing (this is not a pairing by 
conlact) the division is semiheterotypic, indicating that the centromere 
of a pair has divided ])reviotisly, each cliromosome possessing at least 
one centromere of ils own. 

Siimmarixing tliese facts, we must conclude that Ihe occurrence of 
restitution miclei after a preceding metaphase cannot explain the origin 
of douhle numbers in H, robiistum. These must be due to definite 
changes of llie reprodiiclion mechanisin. Since the earliest prophases 
visible conlain douhle, Ivvisted threads, as in Spinacia, most probably 
the doul)le reproduclion occurs somewhere during the interphase where 
PM(l:s and miclei grow inlensely (Table 1). In Hicraciiim- and Tara- 
.Tucum-apomicts, of either the male or female organs, due to the omitted 
cliromosome pairing, no typical pachytene stages occur. The traiisitional 
stagc of interphase and typical prophase is sudden. K Darlington's 
postulates as to the time of splitting of ineiotic chroniosonies are true — 
and there. is plenty of evidence — we dare not deny the possibility that 
in these double-reproductioii iiuclei of Hivrncium splitting is repeated 
Iwice (it early prophase. It seems hardly plausihle, however. Here we 
wish to emphasize the fact thal the interjdiases in division type 2 are 
extremely niitotic-like. 

Division type 3 is associated with bivalenl and fragmentation phen- 
(uiiena (Figs. 6, 19 — 24). As mentioned above, bivalents do not arise 
in the median flowers of a head, they are restrieted in origin lo the 
{leripheral microsporangia. The cause of this will be diseussed later. 
Prophases and nietaphascs of division type 3 occur at very advanced 
tapetum stages, even more advanced than in division type 2. Four- 
fused and eight-iiuclear tapetal cells are most common (Fig. 6). The 
number of bivalents is variable: the occurrence of 9 — 10 bivalents h 
the rule, corresponding to an eventual hybrid strueture (9„ + 18,). 
Trivalcnts occur but not frequently. ('.ytologically — even in the casc 
of strong pairing — this apomict is not autopolyploid (or autogenomatic, 
which is a better expression; Levan, 1937). At anaphase cliromosome 
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separation is irregiiUir, due lo tlie higli nuiiiber of univalents. Inversion- 
bridges an* frequent, at firsl as well as al second division (Figs. 22, 23). 
In tbe same plate tbrce or four bridges may be found, indicating a higb 
degree of struclural differences. At firsl division Ihe occiirrence of 
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Fi(?s. 19—24, Behaviour in tht* case of bivalcnt fornialion. -- 19 — 21, ± 10, 9 and 
±11 bivalcnts respeclively, — 22 and 23. 2iid mcla- and anaphase.s with two-centro- 
merc formations due to inversion-bridges. Chromatids from univalents, split already 
at first division, are seen in tbe equalorial plane. — 24. Fragmentation in three 
PMC:s. Traces of bivalents and even trivalenls can be seen. — X 2100. 
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iiiversion-bridfies sometinies gives rise to hour-glass-shaped restitution 
nuclei of a peculiar shape. At second anaphase chromatids frequently 
reinain in the equatorial plane, demonstrating the splitting of univalents 
already at first metaphasc-anaphase. In spite of the structural differ- 
cnces most chiasmata are terminal, each bivalent generally possessing 
only one chiasma. Either this indicates an exclusive pairing of 
terminal segments or, what is more probable, owing to the incidental 
occurrence of bridges, it indicates that terminalisation proceeds over 
homologous chroinosome parts as well as over sections structurally 
different. 

The inost conspicuous feature in the case of bivalent formation is 
the extreme fragmentation of the chromosomes (Fig. 24). This destruc- 
tion does not begin iiiitil late metaphase, biit then the cells are filled 
with small chromatin pieces of different size. Now and then traces 
of bivalenis (trivalents) can be seen, when the fragmentation was not 
complete. An inleresting point is that fragmentation is higher at the 
tip of the pollen-sac than close to the ovule. This is a correlation 
phenomenon. A similar condition is found in H. amplexicaule. The 
facl lias not been noticed previously biit is very marked. 

Similar fragmentation phenomena have been described by Beadle 
(1932), Bergman (1935), Mather (1934), and White (1937). In the 
first case a spontaneous gene-change altered the properties of ineiotic 
chromosomes so that they become sticky and break in to pieces. In his 
paper, Mather deinonstrated a different response of chromosomes to 
X-rays in Tradescantia hracteata and Vida faba. In the former species, 
where terminalisation is almost complete, fragments arise already at 
prophase; in the latter species, where chiasmata are interstitial and 
numcrous at metaphase, fragmentation does not begin until early 
anaphase. (Unfortunately the fragmentation rate of Vida faba was 
faiiiy low.) According to Mather, the different time-action of repulsion 
forces is responsible for the difference in behaviour. It could possibly 
be assumcd that the formation of bivalents and their separation caused 
the altered slability of the chromosomes also in //. robustum. In that 
case, however, only the bivalent chromosomes would break and the 
univalents, which are frequent, would remain intact. This is not true. 
All chromosomes, whelher from bivalents or univalents, finally fall.into 
pieces. Therefore the explanation of the fragmentation in H. robustum 
must be another. In the lateral, very oid flowers conditions exist which 
cause bivalent formation and at the same time increase the internal 
weakness of the chromonemata. Fragmentation in H, amplexicaule is 



THE BALANCE SYSTEM OF MEIOSIS 


22a 


somewhat different, but even there it does not start uiilil anaphasc 
(p. 232). On p. 244 these matters will be discussed furtlier. Here only 
one interesting fact will be mentioned. 

Restitution nuclei and telophases of the first division pass into a 
real interphase (resting stage) in many Hieracium species. Therefore 
we have at first anapliase-telophase an onset of forces, changing Ihe 
chroniosonies to interphase structure. Presumably the destrucHon of 
nucleic acids and proteins, formed at early prophase (Caspersson, 193(5; 
Koltzoff, 1938) and producing the chromoplasm (inatrix, pellicle, 
calymma), sets in, rendering the chromonemata (genonemata, Kolt- 
zoff) more or less free. As long as the chromosome cover persisls, 
the weakened chromonemata are held together; but when the kinetic 
phase coines to an end and the non-persistent material of the chronio- 
somes disappears, the weakened chromonemata will release the hundreds 
or thousands of micro-uiiils. 

Tlial the delayed onsel of prophase in PM(':s can w^eaken the 
chromosomes, is also shown by Bergman\s paper (1935). In slrongly 
hydrated cells of Leontodon hispidiis chromosomes were usually mitotic 
in length at metaphase, but at ihe same tiine intensely fragmented. 

GROWTH AND TIME PHENOMENA IN H* ROBUSTUM* 

In Table 1 the size of PM('.:s in different types of division can be 
seen. The earliesl divisions to slart (division type 1) lack hivalent 
formation but chromosomes are contracted (i. e. heterotypic in shape) 
and the anaphase implies an actual reduction in chromosome number, 
apart from the few cases of restitution nuclei. Cells and nuclei are 
very small. The greatest cell-growth lakes place between early prophase 
and metaphase. At metaphase cells have approximately the same size 
as at inU‘rkinesis (products of length and breadth=15(5 and 1(52 
respectively). The small size of the cells even at metaphase makes the 
cells intensely crowded with chromosomes. 

Division type 2 shows a very strong growth of the interphase cells 
before meiosis begins. They are larger than ihe interkinesis cells of 
division type 1 (193 : 1(52 square-units). If they were actually restitu- 
tion nuclei af t er semiheterotypic divisions of type 1, their size should 
not be greater than that of interkinesis cells. In the event of double 
reproduction the increase in size is very marked at early prophase, 
whereas prophases with single chromosomes (close to the prophase 
nuclei with double reproduction) have a slightiy higher cell-size than a t 
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interphase (in tlie first case 403 to 193 square-units, as against 261 to 
193 square-units in the latter case). ('.ells with 36i, or 72, ha ve approxim- 
'ately the same size at metapliase as at late prophase. This difference 
in behaviour can be explained in the same mariner as in Spinacm 
((lENTCHEFF aiid GUSTAFSSON, 1939 b, p. 384). Due to an intense growth 
at interphase many cells have acquired a size that does not correspond 
lo the chromosonie number. Still the somatic niimber may not be 


TABLE; 1. The PMC-size of H, rohustum in differcnt division types. 
(The nvemge fiyiires of ten PMC:s, 1 unit== //>). 
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increased al the lime of prophase onsel. If, however, the cell-size has 
advanced beyond a certaiii threshold value, reprodiiclion must continue 
imlil cell-size and nucleus-size are in harmony. As nucleus-size is 
proportional to the chromosonie number, an incrcase in nucleus-size 
can be brought about by internal reproductions. Afler the double re- 
production, nuclei will continue to grow until an optimum size has becn 
reached, lience the prophase increase of growth. (Cf. in Spinncia the 
different size of 12,, and 24, cells.) In cells below the threshold value 
one single reproduclion will occur (either at interphase or at very early 
prophase), hence the slight increase in the size of single-prophase tjells 
irom the same pollen-sacs where double reproduction is also found. 

^ Corresponding to early prophase. — ® Corresponding to late prophase. — 
® Corresponding to beginning anaphase. 
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In division type 3 cells with bivalents are larger than interphase 
cells of type 2. Rosenberg*s explanation, cited above, cannot be true 
of H. robustum even for that rt^ason. If the interphase cells of type 2 
contained restitution iiuclei formed in cells with bivalents, thcy should 
be larger than metaphase cells of type 3 and only slightly smaller than 
cells in second division (the ratio is here 193 : 321 square-units). 

As shown in the table, metaphase cells of type 3 are very iniicli 
smaller than those of type 2 (proportions 243 — 257 : 457). That is seen 
also in F^igs. 5 and 6 . In spite of the prolongation of interphase and tlio 
late onset of division tliey have grown only a little. Due to the strctching 
and growth of the pollen-sac tissue they have, however, rounded off. 
At the same time they show a high rate of bivalent formation — hence 
ineiosis is inore normal in this respect than in division types 1 and 2. Tlie 
double reproduction cannot be due lo an inhibiled precocity of the cell- 
divisions but to the growtli of the cells. And, whal is more important, 
a long duralion of the interphase stage does not inhibit meiosis (cf. 
(iUwSTAFSSON, 1939). 

Nuclear size has been measured in the same rnanner (lenglh, 
brcadth and product of ten nuclei). Early prophase nuclei of type 1 
show the dimensions 4,3 and 8,2 units (product = 35 , 3 ). Interphase 
nuclei of type 2 are 8,7 units long and 9,4 units broad (product = 81,8). 
Double reproduction nuclei al late prophase give the figures 14, « and 13,i 
(product — 191 , 3 ). single reproduction nuclei from the same micro- 
sporangia 11,0 and 10,3 (product = 113,3). There is a strikinrg increase 
in growth at prophase of type 2 , if double reproduction has occurred, 
but not in the case of normal behaviour. Had these interphase nuclei 
arisen after restitution processes, their size would not change so reinark- 
ably at prophase. Interphase nuclei of type 2 are much larger than 
prophase nuclei of type 1 . 

SEMIHETEROTYPIC AND PSEUDOHOMEOTYPIC DIVISI- 
ONS, BIVALENT FORMATION AND FRAGMENT ATION IN 
HIERACIUM AMPLEXICAULE. 

Like H. robustum, this apomict is tetraploid ( 2 n = 36). Pollen 
can be produced but is usually poor, probably not viable. In H, amplexi- 
caule a different metaphase behaviour appears and a definite regularity 
with regard to the time occurrence and location of the flowcr has been 
found. Most frequently three division types occur, i. e. semihetero- 
typic division after prophase stages without any so-called synizesis- 

Heredltan XX 47. 15 
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phenomena, pseudohomeotypic division and bivalent formation after 
prophase stages showing synizesis. In this apomict bivalent formation 
- is not associated with any fragmentation of the chromosomes. Instead, 
this occurs at pseudohomeotypic meta- to anaphase in a special raanner. 
Besides these three division types — which give transitions as described 
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F^igs. 25 — 55. Meiotic phenomena in Hiemcium amplexicaule. — 25. PMG-appear- 
ance and tapetuin dcvelopnicnt in prophase type 1, ieading lo seiniheterotypic 
divisions. — 26. PMC- and tapetum appcarance in prophase type 2, Ieading to 
pseudohomeotypic divisions and bivalent formation. Nole the advunced tapetuin 
and the PMC-growth. — X 950. 


below — some cases of oniitted chroniosoine conlraction havo beon 
observed and also some cases of an extreme delay of prophase start. 

Two common types of prophase nuclei have been observed, one 
oceurring in the median flowers of a head at an early stage of tapetum 
development (Fig. 25), one in the lateral flowers in late stages of 
tapetum development (Fig. 26). As mentioned above, the two processes 
giving rise to different prophase development, usually cause also a 
different behaviour of the chromosomes at metaphase. A third pro- 
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phase type occurs after inlense nuclear and cellulär growth. This third 
type did not produce metaphases in the material examined. 
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rigs. 27 — 31. Seniilielerolypic divisions in the median flowers after prophase type 1. 

— 27. Early prophase. — 28. Late prophase with contracted chromosomes. — 

29. Transition between semiheterotypic and pscudohomeotypic division. Regular 

pseudohomeotypic metaphases are not formed after prophase type 1, — 

30. Semiheterotypic metaphase. — 31. Ditto. — 32 — 34. Atypical semiheterotypic 
divisions as transitions to the later stages after prophase type 2. — 32. One bi> 
valent-like formation. Anaphasc. — 33. Anaphase with a bivalcnt-like formation. 

— 34. Two differently splitting univalents. Usually univalents do not split at first 
division in the case of semiheterotypic anaphase. — 35. Interkinesis. — X 2100. 
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JMgs. 36—47. Pseudohomcotypic divisions and fraf^menlation phenoiiiena. — 
36. Pseudohomeotypic melaphase. Polar view. — 37. Ditto. Sidc view. — 
38. Pseudohomeotypic anaphase. — 39. Ditto with soinc delayod univalenls. — 
40. Pseudohomeotypic division combined with bivalent formation. Univalents split 
before Ihe bivalent separation. — 41. Bivalent formation and sonic splitting uni- 
valents, — 42. Pseudohomcotypic interphase. Compare the shape of the nuclei 
with that in Fig. 35. — 43. Inversion-bridges after bivalent formation. Fragments 
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Prophase type 1 in f/. amplexicaule takes place when the tapetum 
cells contain oiie or two nucJei. Like H. robusfiim, this apomict Iias 
very small PM('.:s wheii meiosis begins. Division starts precociously 
with respect to tapetal development and cell-growtli. The subsequent 
inetaphase contains univalents exclusivcly; bivalents do not and prob- 
ably cannot arise (Figs. 27 — 81). Semiheterotypic metaphascs with 
liighly contracted chromosomes are the result of this unpaired con- 
dition. At anaphase chromosomes are passivcly nioved to the poles, 
their distribution being irregular. Restitution nuclei are formed fre- 
quently, due to the occurrence of univalents remaining in the middle of 
the spindlc (for the process of restitution, see Rosenberg, 1927 a and 
(iusTAFSSON, 1935). Not iiifrequeiitly, however, some univalents gather 
in the equatorial plane (apparently by an active movement of their own) 
and split lengthwise (Fig. 80). If the number of splitting univalents is 
high at first meta- to anaphase, we get a pseudohomeotypic division. 
In tbe median flowers and aftcr prophase type 1 regular pscudohomeo- 
lypic divisions are rare. Most frequently we find transitions to the 
semiheterotypic state. Parenthetically it must be mentioned that in 
semiheterotypic divisions of most apomicts in Hieracium and Ttiraxncum 
the chromatids of univalents do not as a rule separate from each other 
until second metaphase, as in sexual species, and only in the even t of 
bivalent formation do some univalents move to the equator and split 
lengthwise already at first division. In the meta- lo anaphases, beginning 
early, no fragmentation phenomena have been seen. Instead, thcse are 
associated with the second prophase type and ils låter stages. 

Prophase stages of type 2 appear when tapetum cells contain foiir 
single or fused nuclei and arise in the lateral flowers of a head. Transi- 
tions between prophase type 1 and 2 exist. In the narrow zone of 
half-median (or half-laleral) flowers divisions having another appear- 
ance occur. In general, PMC:s containing prophase stages of type 2 
have grown larger than in type 1. Therefore they have not begun 
division until a well-developed tapetum has been formed and cells and 
nuclei have grown out to certain minimum dimensions. 

As in sexual species this prophase type, characterized by a sensitive 
prophase stage, gives rise lo bivalent formation. Even pseudohonleo- 
typic divisions of almost regular and typical appearance are common 

due lo the inversions. — 44 — 46. Intense fragmentation combined with pseudo- 
homeotypic division. — 47. Fragmentation, PMC:s lo the right are doser to the 
ovule. Fragmentation is more intense towards the top of the loculi. — Figs. .'t6 — 

46, X 2100. Fig, 47. X 950. 
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(Figs. 36 — 39). Apparently pseudohomeotypic divisions cannot arise, 
or semiheterotypic metaphases are exclusively formed in cells where 
'the previous prophase or interphase stages showed no growth phen- 
omena or started precociously. If Darlington's hypothesis regarding 
chromosome movements is correct, univalents must ripen in order to 
obtain a two-centromere condition, and not until this process has 
finished are they capahle of movements, orientation and division of 
their own, This conclusion was drawn by Gustafsson in 1935 with 
regard to pseudohomeotypic divisions on Ihe female side of T araxacum, 
Several cases of pseudohomeotypic divisions in male organs have al- 
ready been described. With regard to their regularity there is a striking 
difference between the two types of sex-organs (Gustafsson, 1938). 
In late or outgrown PM('.:s of H, amplexicaule typical divisions occur. 
Even here transitional stages to the scattered position of univalents are 
sometinies found. They are not so common, though, as after prophase 
type 1. 

Bivalent formation (//. 5orea/e-scheine) varies grcally (Figs. 48 — 
52). As few as one or two bivalents occur frequently, but as many as 
niiie (or even more) bivalents may arise. Apparently the maximum 
number of bivalents is approxiniately identical lo what an eventual 
hybrid structure would indicate (9„ -j- 18|). H, amplexicaule, like 
//. Tobmtum, must be regarded as allogenomatic. 

In some PM(^:s we have noticed a bivalent behaviour and an ana- 
phase separation, hitherto undescribed. These anaphases contain a 
different number of bivalents in the equatorial plane, but most uni- 
valenls have already moved to the poles. Several such daughter-plates 
showed a high number of chromosome bodies, and the total number 
of these was greater than 36 (Figs. 40, 41 ). The interpretation is easy. 
Some pseudohomeotypic divisions contain a variable number of bi- 
valents, and the chromatid repulsion of univalents is prior to bivalent 
separation. From a cyto-mechanical point of view this division type is 
very inleresting. Division is delayed in comparison to the c.ase in pro- 
phase type 1. Consequently chromosome pairing and chiasma form- 
ation can ensue. But at the same time prophase or prometaphase is 
retarded, giving the univalents time enough for a splitting of the centro- 
mere. In the subsequent meta- and anaphase chiasmata keep .the 
bivalent-chromosomes together and their separation requires a greater 
force and a longer time than the chromatid separation. Therefore as 
far as univalent splitting is concerned anaphase separation is complete 
at a time when bivalents have not begun to disjoin. In some anaphases 
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Ihc equytor is still occupied by true bivaleiits and small splitting uni- 
valcnts at the same time (Fig. 41). 

As in H, Tobmiiim, chiasmata are exclusively terminal at meta- 
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that even the pairing genomes are structurally different, and for that 
reason the designation employed (allogenomatic biotype) is justified. 
' The terminal chiasmata and the occurrence of inversion-bridges argue 
in favour of a pachytene pairing by terminal sections or a terminalis- 
ation over non-homologous segments. 

Telophase nuclei look different, whether they arise after senii- 
helerotypic or pseudohomeotypic divisions, as pointed out by Gent- 
scHEFF in 1937. In the former case they are rounded off to all sides 
(Fig. 35), in the latter case they are half-moon-shaped, the linear sur- 
face turned inwards (Fig. 42). After bivalent formation telophase 
nuclei appear as in the second case. The cause of this different appear- 
ance is apparent. Semiheterotypic divisions contain scattered uni- 
valents; after the hypothetical stretching of the middle-part of tlie 
spindle some univalents still remain between the poles. Nuclear meni- 
branes are formed, ineluding most of the chromosomes. Sometimes 
they give rise to restitution nuclei, but their edge will always be rounded 
off. In anaphases after high bivalent formation or in pseudohomeo- 
typic divisions separation is regular and the chromosomes (or chrom- 
atids) reach the poles simultaneously. Therefore the aspect facing 
inwards will be sharp and linear. 

Fragmentation in W. amplexicanie differs somewhal from the 
appearance in H, rohiistum. As mentioned above, it takes place in 
lateral flowers following prophase of type 2 with prolonged interphase 
stages (cf. H. rohustum and Leontodon hispidus). However, it is never 
found in PMGis containing bivalents but is exclusively associated with 
pseudohomeotypic divisions (Figs, 44 — 47). In the latter case univalents 
gather to divide already at first metaphase (which in this division type 
is also the second) after the centromere division has oceurred. A 
certain stress on the chromosomes will arise a t that moment. When 
the Chemical changes of the chromosome strueture begin (at late 
metaphase — anaphase), the breaking up of chromatids into smaller 
parts is first seen. Why this does not happen in the still låter divisions 
containing bivalents is unknown to us so far. Probably some difference 
in the physiological condition of the preceding interphase is responsible 
for the change in stability. Fragmentation is more intense at the top of 
a pollen-sac, as in the case of H. rohustum, suggesting some physiological 
influence by the PMC-location. 

Fragmentation in H. nmplexicaule is gradual, not sudden as in 
H. rohustum. The first sign of a fragmentation is the occurrence of 
bodies having approximately half the univalent size. They orientate 
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in tlie spiiidle like splitting univalcnts at iirsl anaphase. (^hromosome 
bndies are also seen, equal in size to a quarter of a iinivalent, similarly 
arranged between the poles. The same tliing is true of even smaller 
chromosome pieces. Since most of these parts of previous imi valenis 
lack centromeres, the regular and longitudinal orientation cannot be due 
to a centromere repulsion but to other forccs acting in the spindle on 
the fragments. From the behaviour of X-ray fragments in plants we 
know thal fairJy small fragments, lying in the equator, frequently 
orientate in the lenglh-axis (Gentcheff and Gustafsson, 1939; cf. 
Carlsson, 1938, for X-ray fragments in Choriophaga) . The hypothesis 
might be put forward that chromosome fragments or parts — if lying 
in the middle, not on the outskirts of the spindle and showing tendencies 
lo split - arrange regularly, irrespective of any possession of centro- 
meres. The different behaviour of the middle and the peripheral parts 
of the spindle may be attribiited to special properties associated with the 
strelching at anaphase (Belar, 1929; Darlington, 1932, 1937; Gustafs- 
son, 1935). 

Another mode of fragmenting is shown in Figs. 44 — 4(). (ihronio- 
somes are stretched oiit at anaphase, giving a bridge-like appear- 
ance. At a laler stage the threads fall into numerous pieces almost 
simultaiieously. By this fragmenlation the clironiosomes apparently 
break up into their ultimate chromomeres. After counting the number 
of fragments in a cell, it would be possible to form an opinion regarding 
Ihe chromomere number. Owing to the very high number of small 
pieces we hesitated, however, in carrying out such a task. 

In semiheterotypic divisions as well as in PMC:s with bivalent 
formation chromosome contraction varies widely (P"igs. 49, 52). Meta- 
pliases with long and with short chromosomes exist. Usually the former 
type of division contains strongly condensed univalents, the latter type 
less contracted chromosomes. Long-shaped univalents seem to dis- 
Iribute more irregularly al anaphase. The highest chromosome con- 
traction is seen in pseudohomeotypic divisions. 

In some pollen-sacs transitional stages to the paeudoillyncum type 
are met (Figs. 53 — 55). Contraction stages of the nucleus occur at late 
prophase. These contraction stages are found also after semihetero- 
typic prophase (type 1). In those cases the univalents are still con- 
tracted at metaphase. Even metaphases of mitotic appearance — with 
long and slender chromosomes arranged regularly, as in mitosis — were 
found after slight nuclear contraction. These metaphases appear most 
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frequently after prophase type 2 or transitional stages between type 
] and 2. 

' Regarding prophase type 3, occurring in very old flowers, not much 
can be said, owing to the fact that later division stages were not found. 
Cells and nuclei have grown intensely alre^sidy before mid-prophase. 
Chromosomes lie well scattered within the nuclear membrane and seeni 
less contracted than in divisions of semiheterotypic characler. 

TAPETAL GROWTH AND DEVELOPMENT IN RELATION 

TO MEIOSIS- 

In our study of tapetal development we included, for the sake of 
comparison, two sexual species, //. speciosiim and H, leiophanum. Both 
are diploid (2ii = 18), forming nine bivalents at meiosis. A third type, 
H, caerulaceum, is triploid (3x — 2n = 27 ), bul shows an almost typical 
meiosis. Whether il is apomictic or sexual we cannot say. Pairing is 
very high at iiietaphase (11 — 12 — 13 bivalents and a fcw univalents). 
Apart from the occurrence of some micronuclci tetrad formation is 
regular. No careful examination of meiosis w^as made. 

In these three biotypes the growth of tapetal cells was studied al 
differcnt stages of meiosis and tetrad formation by measuring Ihe length 
of tapetal cells in a pollen-sac. The iiumber of PMC:s corresponding 
to one tapetal cell was caleulated. At early meiotic stages the PMC:s 
lie close to each other. The division of the length of a pollen-sac by 
ils number of PM(^.s gives an average figure of the length of a PM(L. 
In later stages when the PMC:s have grown intensely or the tetrad 
niembranes are swollen, the same figure gives only the space that one 
PMC has at its disposal. 

With regard to the designation of the different stages not much 
need be said. Early prophase denotes the stages up to pachytene 
(synizesis), mid-prophase is the stage when chromosomes begin to 
shorten and late prophase is approximately identical to diakinesis. 
Tables 2 and 3 give in a) figures of tapetal growth and in b) figures 
regarding the growth or space oceupied by PMC:s. Each unit of the 
oeular micrometer corresponds to 1,3/^. Several whole pollen-sacs or 
parts of them have been measured. 

There is a remarkable growth period between early and mid-pro- 
phase at the time of pachytene pairing and chiasma formation in all 
three biotypes. In W. speciosum tapetal cells grow from 19,7 units at 
early prophase to 28,5 units at mid-prophase. In H. leiophanum the 
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corresponding figures are 16,5 and 24,8 units (at late prophase the figure 
is 31,7). In H. caerulaceum Ihey are 32, o and 42,4 units. This growth 
'period is marked by an intense mitotic activity in the tapetal cells. 
Tapetal cells, containing one nucleus, change this condition rapidly to 
two- and four-nuclear. In the sexual types there is a leiidency of fusion 
between tapetal nuclei already at two-nuclear stage. But frequently 
fusion takes place in the four-nuclear stage. Tapetal cells with eight 
nuclei are also seen but more seldom. All these different stages of 
dtwelopment appear simultaneously with the growth-period. 

After the end of this growth-period the tapetum is remarkably 
constant, and only when tetrads are ready and their membranes 
dissolve do they show a second growth-activity. The figures for 
//. speciosum are 28,5 units at mid-prophase, 26, i at late prophase, 
27,5 at metaphase, 28,9 at interkinesis and 28,9 at early tctrad stage 
(before the final formation of four cells). The constancy is obvious. 
Later there is a slight increase to 33,3 units. In //. leiophnmim the 
figures are 31,7 at late prophase, 28,7 at metaphase and 30,9 at early 
tetrad stage. At late tetrad stage and at pollen stage the tapetal length 
is 44,8 and 46,2 units respectively. In H. caerulaceum tapetal length is 
42,4 units at mid-prophase, 39,5 at late prophase and 39,i) at metaphase, 
but at late tetrad stage 45,3 units. 

Of considerable interest is the faet that the morphological doubling 
of chromosomes takes place at finished zygotene pairing at the time 
of chiasma formation, i. e. when tapetal cells (in Hieraciiim) have their 
greatest growth and division activity. The increase in volume of PM(% 
nuclei at meiosis has been referred to this stage (Beasley, 1938). At 
the beginning of prophase there is evidently a special growth and re- 
produetion impulsion spreading over the pollen-sac into the tapetum 
and PMC:s. In Hieracium only one row of PMC:s oceurs. surrounded 
by the tapetum on all sides. An impulsion on the PM('.:s via the 
tapetum is very likely. 

The PMC:s themselves do not grow much, in contrast to their nuclei. 
From early prophase to interkinesis the length of the PMC:s in 
//. speciosum is 8,i, 11, o, 10,5, 11, o, 10,7, indicating a slight growth at 
pachytene. The figures for H, leiophanum are 10,4, 12,2, 10,o, 10,0. Here 
the increase is more obscure. Figures for H, caerulaceum are 14,2, 
13,9, 16,3, 17,5, suggesting a growth process at mid-prophase. If a 
meiotic length increase exists, it is conneeted with a fairly early pro- 
phase stage. The growth values would probably be more marked if 
the increase in breadth was also taken into consideration. 
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The apomicts, examined here, behave quite differently. Senii- 
lieterotypic division in botli //. rohustum and amplexicaule is carried 
out at a very carly stage of tapelum developnient. At well advanced 
metaphase tapetal cells frequently conlain one or two nuclei and fusion 
phenoinena have rarely taken place. The growth curve is changed. At 
early prophase the tapetal cells are smaller in ihe tetraploid apomicts 
than in the diploid sexuais, in spite of the usual correspondence of 
polyploidy and cell size. In //. robiistiim tapetal cells cannot attain 
the size characteristic of H. speciosiim or leiophaimm (at interkinesis 
the values are 20,0 units as against 28,9 and + 28,7). In H, amplexi- 
caiile tapetal cells do not grow up to 30 units iintil interkinesis and 
they never give the figures characteristic of the triploid examined, 
H. caerulaceiim (+ 39,o). The mutual relation hetween meiosis-start 
and tapetum growth is entirely changed in the apomicts. Tapet al 
growth — when it occurs — takes place at a late stage of meiosis. 

The figures for semiheterotypic division and PM(l-growth are very 
noteworthy. The smallest size of sexual PMO.s al any stage examined 
is 8,1 for IL speciosiim, 10, i for H. leiophaimm and 13,9 for H, caeniL 
aceum. Early prophase cells of H, rohustum are less than (),.> units, 
those of H. amplexicaule less than 7,0 units, i. e. semiluderotypic meiosis 
begins at a stage of PMC^development when growth has not occurred 
or the dividing PMP.:s have not acquired even the diploid size. Senii- 
heterotypic divisions start precociously in relation to tapetal develop- 
ment and PMt^growth. 

Prophase type 2 in //. amplexicaule leads to pseudohomeotypic 
divisions and bivalent formation — and owing lo inhibited chiasina 
formation to some semiheterotypic divisions, "rhe tapetal cells in Ihis 
prophase type (with synizesis-phenoniena) pass through an activity 
period rather early and al first metaphase they have reached the four- 
fused stage. Their growth-curve is similarly expressed. At the end of 
early prophase they have an average Icngth of 35,2 units, compared to 
14,2 after prophase type 1 and 19,7, 16,.% 32,o in //. speciosum, leio- 
phaimm and caerulaceum, i. e. they have grown considerably. The 
length of PMC:s is 12,9 as against 6,7 in prophase type 1 . Wlum bi- 
valents are formed, the preceding tapetal growth and activity and even 
the PMC-growlh are similar to those in sexual species. 

At metaphase we find divisions which are pseudohomeotypic and 
sexual (with bivalent formation). Undoubtedly the pseudohomeotypic 
divisions show an intense prophase or interphase growth with regard 
to tapetum and PMC:s, Therefore the rcsulting univalents are given 




units ! j units 
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thc time iiecessary for their ripening processes. That pseudohomeo- 
iypic divisions in H, amplexicmile imply transition-stages between semi- 
heterotypic divisions and bivalent formation is shown by the fact that 
th(iy are irregular and incomplete af ter prophase type 1 but more 
normal in character after prophase type 2. Tlie remarkable division 
lype, still pseudohomeolypic bul displaying a formation of bivalenls, 
proves Ihis conclusion. Even thc figures regarding tapetal and PM(% 
growth indicate the same thing. 

At metaphase we find the two above-mentioned division types (1 
and 2). Tapetal cells in Ihe case of pseiidohomeotypic metaphases (l) 
have reached a size of 31,5 units, i. e. Ihcy are slightly smaller than 
the average sized cells at early prophase. Tapetal cells in pollen-sacs 
with bivalent formation are, however, 30,7 units in Icngth, i. e. these 
cells are slightly larger than the avera ge-sized cells at early prophase. 
With regard to thc PMP.-growth cells giving pseudohomeolypic divisions 
and bivalent formation the vallies are 12,i and 15,0 units respectively, 
as against 12,9 at early prophase. The following conclusion is therefore 
arrived at: Pseiidohomeotypic divisions are formed in those cells which 
at early prophase certainly belonged to prophase type 2 but simult- 
aneously were on the miiius-side of the growth curve. Polleii«sacs, 
giving this division type at metaphase, have not reached the same phase 
of tapetum growth and development as in the case of bivalent formation. 
Transitions between the two metaphase types exist. 

In H. Tobustum loculi producing bivalents show an even more 
advanced stage of tapetum development. Tapetal cells are 49,2 units in 
length at metaphase, as against 36,7 in H, amplexicaule and 22,4 at 
semiheterotypic metaphase. The length of the PMC:s is 14,i units, i. e. 
they have approximately the same size as corresponding cells in 
H, amplexicaule. The mitotic activity of the tapetal cells is intense in 
both specics. Al metaphase the formation of tapetal cells containing 
four>fused or eight-nuclear tapetum is the rule. Bivalent formation 
appears in sexual as well as in apomictic species exclusively when a 
proper balance exists between tapetal divisions or tapetal and PMC- 
growth and the onset of meiotic prophase. Disturbances in the course 
of meiosis will result when any of the components in this balance 
system is changed. 

Another illustration of this result is given by the behaviour in the 
event of double reproduction. Tapetal cells increase in length during 
prophase and metaphase from 38,5 units to 40,8, 40,4 and 40, o units, i. e. 
with the exception of the first figure their size is fairly constant. 
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Apparently their mosl inlense growth period lakes place somewhere 
during the interphase. The values of PM(Mength given in Table 3 are 
not the true ones. The length of a pollen-sac has been dividcd by the 
number of PMC:s occurring, but since several PMG:s grow just a little, 
some cells will be stronglj^ compressed and their place taken by neigh- 
-bouring PMG.:s increasing intensely. The figures in Table 3 show that 
if all PMC:s were to grow equally, their size would nevertheless be 
greater at double reproduction than at bivalent formation (16,9 units as 
against 14,i). The length of tapetal cells is, however, very much greater 
in the latter case (49,2 unils as against 4(),o). At interphase and early 
prophase the figurt^s recorded for PMC-growth (11,7 and 12,1 unils) are 
considerably smaller than at late prophase and metaphase, but Ihey are 
still higher than at interkinesis following scmiheterotypic division. 

In Table 1 the average size of ten actually dividing cells has been 
calculated. As already mentioned (p. 223), these figures show that a 
period of inteiise growth takes place at inter})hase. A second period of 
growth of nuclei and cells occiirs al late prophase as a response to the 
doubled chromosome number. Tapetal activity is at an advanced stage 
already at early prophase, but the number of tapetal nuclei is not so 
high as in bivalent formation, nor is the grovsih of tapetal cells so well 
expressed. Owing to the incidental suppression of growth in some of 
the PM('.:s, others are capahlc of an unusually great increase and so the 
double reproduciion liappens. Therefore, briefly suiiiinarized, PM(^ 
growth is iiiore advanced or intense in comparison to tapetal develop- 
ment and activity in the case of double reproduction than in the case 
of hivalent formation. 


DISCUSSION. 

This study has shown that in sexual species of Hierncium a special 
balance system exists with tespect to the mulual relation of tapetum and 
PMC-development. The initotic activity and growth of tapetal cells is 
especially pronounced at early meiotic prophase, the size of tapetal cells 
being constant from mid-prophase up to the moment when meiosis is 
completed and the pollen grains are formed. At this latter stage a 
second period of growth sets in, apparently associated with a swelling 
of cell-walls and cytoplasm without further mitotic activity. 

In male organs of apomictic Hieracium types this balance system 
is more or less upset in different directions. A comparison between 
sexual and apomictic biotypes is carried out in this paper but a com- 

HercdittiH XXVI, Ki 
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parison is also madti: between the modes of tapelum developmcnl in 
different division types. Certain distinct feafures were found. Bi- 
valenls arise exchisively when tapetiim growlli, mitotic activity and 
PM(%grow!h are balanced to the prophase start in Ihe same manner as 
in sexual species. Rosenbkbg detected already in 1927 that bivalenl 
formation is inost complele in old PM(':s of lateral flowers. This 
finding was confirmed by (iENTSCHEFF (1937). Tlie evenlual cause of 
fhe balance system, being properly adjnsled cliicfly in the lateral flowers, 
will be discussed låter on. 

The differeiice existing bctween ineiosis in niale and female organs 
of apomictic groiips ((Justafsson, 1938) can now be expressed in a 
manner not possible previously. In ihe nude organs of Hieracium a 
t('ndency exisis to increase the degn^e of precocity, iipsetting the balance 
system of ineiosis by the beginning of prophase before tapetal niitosis 
and PMC‘growlh take place. Semiheterotypic and pseudohomeolypic 
metaphases result, both types withont pairing but with chromosome 
contraclion. In the case of the highesl precocity possible semilietero- 
typic divisions appear, giving rise lo restitution miclci rather frecpicntly. 

On ihe fenude side vacuolisation forces are generally aclive af the 
maerospore gerininalion. An excellcnt account of the phenunienon in 
certain Rubiaceae-species was given by Fagerlind in 1937. In several 
apomictic genera vacuolisation forces cause aposporous development 
from nucellar or chala/al cells. In the Alchemilla type of apospory 
potentially generative cells enter a meiotic prophase or show intense 
growth and vacuolisation at interphase stage and give milosis. In 
female organs of Hieraciunu finally, a tendency exists to decrease the 
precocity of ineiosis, contrary to the case of increased precocily in inale 
organs. Meiosis is omitted after an intense growth period and a long 
duration of the interphase. After such n delag semiheterotypic divisions 
are not formed, as far as we know, hut pseudohomeolypic divisions 
frequently arise. After a certain threshold value of growth and vacuolisa- 
tion division is entircly mitotic. An extreme case of such vacuolisation 
forces is met with in Hieracium ramosiim (CIentscueff, 1937), where 
diplosporous embryo-sacs are replaced by aposporous cells. The sim- 
ilarity of all ihese vacuolisation phenomena induced Gustafsson to 
postulate a special hormone influence with regard to cell-elongation, 
similar to the effeet of auxin. Evidently the different behaviour of male 
and female meiosis in Hieracium seems to depend on a different time- 
aetion of the prophase starting force in relation to growth and vacuolisa- 
tion forces within the loculi and nucellus. 
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Aiiother cliange of tliis balance system gives rise to the singular 
case of double reproduelion in mciosis. In inost loculi of Hieracium 
robustum prophase start and tapetum development show a better tuning 
Ihaii in semiheterotypic divisions but PMC.-growtli is too intensely ex- 
pressed. Interphase cells and iiuclei reacli a size somewhat less Ihaii 
Ihe metaphase volume in the case of bivalent formation. The present 
aiilhors concliided that in Spinacia the double reproduetion oceurred 
at the transitional stage of inlerphase and prophase, being due to a 
distiirbed ratio of cell and nucleus volume. That growth phenoinena 
acf as reproduetion forces — cf. Ihe nucleus plasm relation of Hertwig 
— has now been assunied for the followdng cases: 

In normal ineiosis ihe morphological reproduetion takes place at 
pachylene, at the stage of high nuclear growth. According to Darling- 
TON and his followers pachylene implies the aciiial stage of meioiic 
reproduelion. Marqitarot (1937) showed that pbysiological reprodue- 
lion al ineiosis does nol appear until the beginning of prophase (an 
aceurate liniing of Ihe different prophase stages after X-raying seems 
difficult). Sax (1938) and Marshak (already in 1935) found a period of 
high meioiic susceptibility al early prophase (pachylene). (Irowth 
phenoinena and delayed reproduelion at ineiosis are correlaled, al least 
in a morphological sense, 

The cells of special lissues are capable of intense enlargenient after 
auxin-lreatment. As a consequence lelraploid numbers arise, chromo- 
soines reproducing twice (Levan, 1939: (Jentcheff and (Gustafsson, 
unpubl.). (irowlh phenoinena precede the reproduetion. 

Double reproduetion is frequent spontaneously in roots of Spinacia, 
where periblein eells conlain letraploid, octoploid and 16-ploid nuin- 
bers. X-ray data indicate that the inerease in number oceurs predomin- 
antly at seed-germination as a response to high cell-growth. 

An intense growth and vacuolisation changes the meiotic dis- 
position in mitotic direction, as has been proved with respect to diplo- 
sporous and aposporous organisms ((GustafSwSON, 1939). If growth and 
vacuolisation have been sufficiently high, interphase nuclei enter 
mitosis directly instead of ineiosis displaying bivalent formation. 
Pachylene growth is omitted. 

The chromosomes of those PMG:s in Hieracium robustum, which 
at interphase had the opportunity of cell-growth above a certain 
threshold value, reproduce twice, giving a metaphase with 36 pairs of 
univalents or 72 scattered chromosomes. 

Of special interest is the faet that in spile of Ihe double reproduetion 
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occurring the PMC:s give divisions, meiotic in cliaracler. Al melaphase 
chromosomes are usually contracted, almost round in shape, and lie 
scaltered over the spindle, division being potentially reductional. Accord- 
ingly the meiotic lorce acting on Ihese double-reprodiicing PMC:s is so 
strong that one extra reproduction, probably occurring at the growth- 
period at interphase, cannot caiicel or balance it. If this interpretation 
is correct, meiosis can happen even if reprodnctions occur al interphase. 
A special balance system of meiotic and mitolic forces exists. An in- 
erease in the strength of the growth and reproduction force will change 
the charaeter of division. If the meiotic force inereases at the same 
time in effeet, it will eventually counleract the mitotic disposition again. 
Whatever tlie explanation, a doiibling of tlie chromosome number takes 
place in the form of internal reproduction, meiosis still being prevalent. 

In the //imic/wni-apomicts examined l)ivalent formation is restrieted 
to the lateral flowers and cannot arise -- even as a rarity ~~ in the 
semiheterotypic or double-reproduction divisions in the median flowers. 
This shows that either the process of chromosome pairing or that of 
chia.sma formation is entirely out of the qiiestion. If this depends on a 
shortened early prophase or on a changed time for chromosome splitting 
cannot be determined. One suggestion will be made. In the case of 
bivalent formation prophase is of the sexual type. Cell and nucleus 
inerease in size at zygotene-pachytene. Presiimably the duration of 
prophase is also inereased. These two part-phenomena might facilitate 
the mechanical process of gene- and chromomere-attraetion in pairs 
but also render the pairing firm and complete at tlie time when chro- 
mosome splitting oceurs, essential for chiasina formation. This pro- 
phase growth might also facilitate the complete slretching out of 
chromonemata. after which the pairing can bc accomplished. In the 
case of a rapid transitional slage of interphase and metaphase this 
uncoiling process may be omitted. Why bivalent formation in all 
species studied, whelher sexual or apoinictic, is dependent on a special 
tuning of the lapetum to the PMC:s, is impossible to explain fully. 

Pronounced fragmentation processes are found in both apomiets. 
In fif. rohustum they are correlated to the formation of bivalents, in 
H. amplexicaule to pseudohonieotypic divisions. Fragmentation assaults 
the whole chromosome complement, bivalents as well as univalents. At 
incipient and advanced anaphase many cells are filled wilh small 
chromatin pieces. bivalents, trivalents or univalents suddenly or 
gradually breaking down. Previoiis studies on corn (Beadle, 1932) have 
demonstrated that a recessive gene »ä/» changes the chromosomes 
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behaviDiir. The chromoplasiii beconies sticky al meiosis as in the 
primary effect after high X-raying. At nieiotic meia- or anaphasc 
fragmentation is inteiise. In mitosis disturbances are not so frequeni. 
Apparently a physiological difference between the nieiotic and mitotic 
stuges exist. In the two Hieracium-apomicis studied fragmentation is 
connected with a prolongation of the previous interphase as is the case 
in Leontodon hispidus (Bergman, 1935). Since a gradual fragmentation 
takes place at the onset of anaphase in H. amplexicaule and finally 
hundreds of chromomere-like bodies result, this might indicate - if 
the parallelisni with salivary chromosomes is allowed — that the 
inert material between the chromomeres (nucleic acid-protein discs?: 
Caspehsson, 1936) has nol reproduced properly or is weakened. Never- 
theless the chromonemala are kept intact by the substances, formed at 
propliasc, providing a fairly stabile chromatin cover. At anaphase, when 
repulsion forces act on the cliromosomes (cf. Mather, 1934) and these 
revert to the interphase condition, the stability of the chromoplasm will 
disappear. At any rate physiological differences exist within the head. 
lnterphas(i stages differ in duration and metabolism and consequently 
give rise to disturbances in the reproduction mcchanism or the con- 
sisleiicy of the chromonemata. 

The authors dare not regard the balance system of meiosis as 
described in this paper as va lid for phanerogams in general hut should 
like to emphasize the view that future investigations of meiosis in 
Hieracium and other apomictic genera cannot refrain from taking into 
consideration the physiological influence on meiosis from or via the 
tapetum cells. That is noteworthy especially of organisms where PMC:s 
form one cell-row only, covered with tapetum cells on all sides. The 
correctness of this view is supported by Stebbins and Jenkins’s dis- 
covery in a Crepis-apomici (1939), where the tapetal cells form large 
undividing bladders and PMT.:s degenerate already at early prophase. 
Tapetal cells are mitotically inactive, consequently PMO.s cannot 
develop — or vice versa. — Meiosis in hybrids, in inbred strains of 
cross-fertilizers, in homozygotes of genes causing asynapsis or sticky 
chromosomes is presumably partly associated with physiological .dis- 
turbances, as outlined above. — Recently, Oehlkers (1937) showed 
that another property of the plant organism, i. e, the constitution of 
chloroplasts or the amount of chlorophyll, influences the course of 
meiosis. Is this influence dependeiit on or parallel to a different devel- 
opment or function of the tapetum, and is this influence different in 
male apd female organs? 
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SUMMARY. 

1. Fivc‘ Hivrdciiim lypes, grovvinf» in tlie Bolanical (iarden ol Lund 
University, have been examined wiHi regard to cbroniosome number, 
nieiosis, tapetum dcvelopment and PMC-growth. 

2. H, speciosum Hornem. and leioplKumm Dt. are sexual diploids 
(2n=18) wilh regular bivalent formation (9ii), H. aterulaceum Arv. 
is triploid, bui shows a verv liigh pairing at meiosis (11 — 13i,), 
//. rohnstum Martr. and (implexicaidr L. are telraploid (2n = 36) and 
display a series of degeneration phenoinena. 

3. H. robustum gives three nudaphase lypes at meiosis: 1) senii- 
heterotypic division, starting precociously wdth respecl to tapetum 
activity and PM(^growth, 2) double reproduction, giving rise to an 
increase in Ihe chromosoine number at inferphase (2n = 72), 3) bi- 
valent formation, the maximum numl>er of bivalents being ap- 
proximately nine lo eleven. 

4. //. (implexicnnle shows Iwo lypes of propliase behaviour, corres- 
ponding to different melapJiase appearance. The firsl prophase type 
is mitolic-like and gives ris(‘ lo semiheterotypie divisions, the si‘Cond 
lype is sexual wdth a sensilive stage at early prophase (synizesis) and 
gives rise to regular pseudohomeol\pic divisions and bivalent formation 
( 0 - 11 „). 

5. In the diploid and triploid lypes examined a special balance 
system of meiosis exists. Tapetal cells show^ a lively mitolic activity 
and an intense growdh period at pachyteiu» stage. PMP.-growth occurs 
al the same lime but is not so wn»!! expressed. Afler early prophase 
mitosis and growih of Ihe tapetal cells are concluded, and a second 
period of growlh does not appear until late tetrad stage but without any 
mitotic activity. At early prophase lapetum contains usually four single 
or fused and even eighl nuclei. 

6. In division type l of //. robustum division starts when tapetal 
cells are one-nuclear and verv small, and PMCis have not acquired the 
size characteristic even of the diploid specios. Prophase is remarkably 
precocious. 

7. In loculi display ing double reproduction tapetal cells and PMC:s 
show^ a better balance than in division type 1, but PMC:s nevertheless 
grow^ too intensely. In response to the changed proportion of cell and 
nucleus volume the chromosomes are forced to reproduce twice, as in 
Spinacia, The origin of 36 pairs of chromosomes is the result, each 
chromosome possessing one cenlromere and tw’o chromatids. At meta- 
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piiase the chroniosonies lie in pairs (36,,) or liave a scaltered position 
(72,). Division is meiotic in character in spite of Ihe internal repro- 
duction, metaphase beinj» typically semihelerotypic. 

8. Bivalent formation occurs exclusivcly when a proper balance 
exists between tapetal ^rowth and activity, PM(^-growlh, prophase onset 
and chroniosomc reproduction. The balance system is identical in 
sexual diploids and tetraploid apomicts. 

9. In H, amplexicaule prophase type 1 occurs when the tapetal 
cells are at the one- or two-nuclear slage and PM(l:s still verv small. 
Semiheterotypic metaphases result. Infrequcntly Iransitions to pseudo- 
homeotypic divisions are found. 

10. Prophase type 2 occurs at an advanced tapelum stage (four- 
and eight-nuclear stage). PMC:s are larger than in type 1. 

11. Pseudohomeotypic divisions arise in Ihose cells of prophase 
lyi)e 2 which al carly prophase belonged to the minus side of the growth 
curve. 'riiey occur abiindantly and are generally regular in character. 

12. Bivalent formation appears afler prophase type 2 in those cells 
which a t carly prophase' were on the {)lus side of the growth curve. As 
in the sexual lypes and in //, rohiistum^ a proper balance of tapetuin 
and PMC:s must exist before bivalents will be able lo form. 

13. A division type, previously undt'scribed, has been observed, 
eombining features from the pseudohomeotypic division with bivalent 
formation, linivalenls and bivalenls gather al the equator and divide. 
Usually the splitting of the univalents is accomplished when bivalents 
remain in the equatorial plane. 

14. Bivalents have generally one lerminal chiasma. Inversion-bridges 
are common at first and second division. In H, amplexicmile they are 
often numerous, nine or ten in nuinber. 

15. Fragmentalion phenomena exist in both W. robiistiim and 
amplexicaule, in the former apomict conneeted with bivalent formation, 
in the second type conneeted with pseudohomeotypic divisions. They 
always occur after a prolonged interphase slage. ('.ertain distincl 
features are described. Divisions are more regular close to the ovule 
than farther towards the top of the loculi. 

16. In H, robustum degeneration of pollen-sacs sonietimes starts 
very early. In such cases the tapelum also degenerates, the chromatin 
being discoloured and large vacuole-like formations being present. An 
obvious parallelism exists. 

17. The significance of the balance syslem found in Hieracium is 
diseussed. 
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18. The meiotic differeiices yenerally occurring in male and female 
organs of Ihe same apomictic individual is expressed in the following 
manner: In the male organs a tendency exisls lo increase the degree of 
precocily, upsetting the halance system of mciosis by the beginning of 
prophase before tapetal niitosis and PMC-growth take place. On the 
jemale side growth and vacuolisation phenomena cause a lower degree 
of precocity, divisions generally not occurring until a great prolongation 
of interphase and an intense growth of the EMC and its nucleus have 
taken place. Evidently the different behavioiir of male and female 
meiosis in Hierncium seems to depend on a different time-aetion of the 
prophase starting force in relation to growth and vacuolisation forces 
within the loculi and nucellus. 
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THE CULTIVATION OF PLANT SPECIES 
FROM SEED TO FLOWER AND SEED IN 
DIFFERENT AGAR SOLUTIONS 

BY C. ilENTCHEFF and å. CVSTAFSSOX 

INbSTITUTK of GENETICS, bSVALÖF, sweden 


I N Ihe lale spring of 1939 Ihe present aiithors started a series of in- 
jection experiments witli different hormones in order to study their 
effect on meiosLs. Injections were also performed on thc recessives 
and lieterozygotes of the gene »sticky « in eorih prodiicing a profound 
fragmentalion of chromosomes at meiosis and changing tlie properties 
of the chromoplasm similar to tliat occurring afler inteiise X-irradiation 
(the primary effect). Simultaneously we began to examine the physio- 
logical and liormonal causes of tlie double chromosome reproduction 
in periblem cells of Spinacia (Gentcheff and (iUSTAFSSON. 1939). As 
in the case of Alliiini (Levan, 1939), auxin influences the growth of cells 
in certain tissues outside the ordinary root-meristems and as a con- 
sequence the chromosome number is doubled. The effect of auxins on 
the ordinary root-meristems was nil, not even on the periblem cells, 
where growth and increase in chromosome luiinber lake place 
spontaneously. 

Another series of injection experiments dealt willi the possibilily 
of changing the type of embryo-sac development. As is well-kiiown. the 
most common type of cmbryo-sacs originates from the development of 
one macrospore after the degeneration of the other thre(i macrospores. 
However, some aberraiit types are kiiown in which the embryo-sacs 
develop from two or four macrospores. In genera having these latter 
types frequeiitly intense growth and vacuolisation phenomcna take 
place very early. Therefore we decided to study the influence of auxin, 
male and fcmalc hormones on the female development. 

Owing to other research work we have not been able to study the 
injection material so far, but since another method was detected, by 
means of which plant species can be cultivated in hormonal media 
during the whole life-cycle, we regard this latter method as superior. 
The artificial cultivatiou implies a normal response of the plant under 
certain controlled environmental conditions even if the hormone or salt 
concentrations are sometimes detrimental to the organism. 
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For thc sake of an experiinental attack on the cultivation of 
germinating and excised rooLs wc started on June 14th some ex- 
periments with sterilized Pisum and Spinacia seeds, cultivated in agar 
Solutions, according to Bonner and Addicott^s formula (1937). To 
these agar Solutions differeiit auxins, colchicine, ancurin, folliculin and 
testosteron were added. \Ve are indebted to the Rockefeller Foundation, 
Paris, for the supply of the three last-nientioned hormones. 

Bonner and Addicott\s prescription, worked out mainly for 
excised roots, is valiiahle also for 
the following kind of work and is as 


follows (slightly changed): 


CalNO,), 

142 mg. per liter ^ 


MgSO^.TH.O . . . . 



KNO„ 

81 V 


KCl 

^ 




12 ^ ^ 


Fe. (SO,), 

2 . - 


Saccharose 4 % 


VV. \ 4; 

Agar 0,.) -1,0 'o . 


vf ^ f 


In the firs! experiment, niention- 
ed ahove, no aneurin was used. Later 
we added aneurin lo produce a 


■I 


0,ofM)r) 


solution. 


Fig. 1. Pisum plunts grown under 
liglil cunditions. a) Withoiit hormones, 
b) with folliculin, c) wilh testosteron. 
Flower formation in all three tuhes. 
Note thc size differences. — ^/o. 


The steril ization of Ihe seeds was 
first made in accordance with Bon- 
ner and Audicott’s suggestions. 

Later we found that 5 minutes' Ireat- 
ment in alcohol (9() %) and 15 
minutes’ treatmcnt in suhlimate 
( 0,1 % ) gave the hest results for 
Pisum. For Spinacia the correspond- 

ing figures are 2 — 3 minutes in alcohol and 10 minutes in sublimate. 
As Spinacia seeds are difficult to sterilize, we took off the seed coat. 
Parallel experiments were perforraed in darkness and in light. The 
temperature was 2F" (’. 

In thc experiment started first with the Pisum variety »American 
Wonder» flowers were formed under dark conditions on July lOth, i. e. 
after 26 days. These and some other experiments were carried out at 
the Botanical Laboratory of Lund Uni versi ty. We are indebted to 
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Professor Dr. H. Kylin for working place. Two weeks afier Ihe com- 
mencement of our investigation, but independently of us, Borgström 
began at the saiue inslilute a physiological attack on Ihe problems of 
flower formation in agar media, a report of which lias already been 
published (1939). 

After the preliminary work on the cultivation methods more ex- 
Icnsive studies were started at the Institute of Genetics, Svalöf, in the 
beginning of September. Several data have already accumulated. Pollen 
examinations and fixations have heen made. Studies on the aiiificial 





cultivation of non-viable chiorophyll mutations in Pisiim have begiin, 
the seeds kindly suppiied by Dr. J. Rasmusson, Landskrona. 

Of the results obtained we shall only mention here that different 
varieties of Pisiim behave extremely differently. The variety »Gulärt 
36/23» did not form buds until 75 days after the beginning of the ex- 
periment (light). In the variety »Gråärt Ä 33/205» flowers appeared in 
light conditions after 40 days and in darkness after 45 days. The 
variety »Extra Rapid», finally, formed buds in dark and light conditions 
after 21 days. »Gråärt» is a fairly early variety, but not so early as 
»Extra Rapid» or »American Wonder». Other late varieties have also 
been tested, which do not produce flowers easily either in dark or in 
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light conditions. Flowers are formed in control experiments without 
hormones, as well as in media containing auxins, folliculin and testo- 
steron, but so far not in colchicine media. Friiits and seeds have been 
produced in folliculin and control media. 

Flowers have also been produced in dark experiments wilh Spinacia 
olerncea (the variety »Hertha», kindly supplied by Dr. O. Gelin, Lands- 
krona). Sincc Spinacia is dioecious, the cytological effect of folliculin 
on teträd formation and that of testo- 
steron on female meiosis and embryo-sac 
developmcnt will be especially interesting. 

An examination of the morphological 
effect of the reverse sex-hormones has 
not yet been made, because all flower- 
buds obtained have been fixed at an early 
stage. The microscopical studies will 
reveal the eveiitual changes in the sex- 
expression. 

The artifical cultivation of barley, 
wheat and Allium species was unsuccess- 
ful, duc to the more difficult sterilization 
of seeds and onions. Since early varieties 
occur in barley, easily producing seeds 
under greenhouse conditions af ter three 
months, a satisfactory sterilization will 
probably yield positive results. 

The cytological and genetical signific- 
ance of this cultivation method is obvious. 

Recent results obtained by Oehlkers and 
his co-workers on the effect of environ- 
mental changes on the chiasma formation 
and the process of terminalisation have 
shown that various exteriör agencies influence the course of meiosis 
(cf. Oehlkers, 1937). Especially noteworthy in this connection are 
the results in changed water balance systems and in different plastid 
environment. We have found that seeds of different Pisuni varieties 
can germinate in sugar concentrations from 0 — 18 % and are capable 
of growth. In this way a variable osmotic pressure can be produced 
in the environment of the plants, secondarily influencing the osmotic 
pressure and the water balance inside the organism. In the female 
organs of several apomictic genera changes in the meiotic disposition 



Fig. 3. Flowcr formation under 
dark conditions without any 
hormones. Notc the changed 
inorphology of the flower. An- 
thers are frce from cach otlier. 

- 2,5/1. 
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are connecled with growth and vacuolisation phenomena. In male 
organs of Hieracium aponiicls bivalent formation is connectcd with a 
special balance system of lapetum activity, PMC^-growtli and prophase 
start (Gentcheff and GiUSTAFSSON, 1940). The experimental change 
of this balance system in other planis is our ullimale purpose. 

Oehlkers and co-workers have sJiown that reciprocal Oenothera 
crosses, producing identical genotypes, nevertheless give differences with 
regard to the coiistitution of plastids and Ihe niutual amounl of carotin 
-f xanthophyll and chlorophyll substances. These differences are 
lesponsible for some changes in ihe course of meiosis (low chlorophyll 
content corresponds to a decrease in the lumiber of chiasmata or an 



Fig. 4. Tiihoh with Spinacia cultures in dark conditiuns. In a) cnlrhicine, in h) testo- 
steron, in r) and d) different auxin concentrations. - \'t. 

iricrease in the terminalisation, »Bindungsausfall» ). With the method 
described above it will be a simple matter to find out whether this 
change in meiosis is dependent on the actual striicture of the plastidogen 
and the plasm itself or orily on the present amount of chlorophyll. The 
cultivation in darkness and in light simultaiieously will solve the 
problems with regard to the biotype in question. In Pisum a number 
of different chlorophyll mutations have been described (Rasmusson, 
1938), consisting of non-viable as well as viable types. The parallel 
cultivation of the recessives, compared with the heterozygotes and the 
normal homozygotes, will reveal the significance of the genotypical 
changes of the plastid structure for the course of meiosis, assuming, of 
course, that the mutations tested have arisen from early varieties 
possible to cultivate. 
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The parnll(?l behavioiir oj ^»enetical earliness and \he possibilily io 
produce flowers on agar will, il seems to us, be of importance in plaiil- 
breeding work. In threc to four wceks it may be found ont whether a 
cross is transgressive with regard to earliness or not. Since only a small 
niiinber of seeds is reqiiired for the cultivalion and this can be per- 
formed with agar lacking any hormones, it implies an increase of the 
plant-breeding facilities. As inentioned above, the present authors havc 
started a seriens of carefnl experiments with ten different Pisum 
varieties. 

In several dioecious genera, such as Mclandrium and Spinacia, 
herniaphrodites are known. In MeUindriiim album and rubnim and in 
Spinncia (cf. Åkerlund, 1928 and Haga, 1985) the male sex is helero- 
ganietic. In Melandriiim an XY-pair exists, hut no differenee between 
tlie two sex-chromosoines has beeii found so far in Spinacia. Most of 
the hermaphrodites in Mclandrium have the XY-constitution, oceasion- 
ally th(' lemale sex is changed (Äkerlund). In Spinacia the case is 
quile differenl. ItosA (1925) found a frequency of 0,2 % intersexes 
ainong 5198 plants. According to him, nutrition conditions, light, space, 
mutilatioii and so on, do not influence the number of intersexes. Haga 
(1938) found, however, a mucli higher frequency of hermaphrodites, 
varying from 3,7 to 18, « In all, 105 plants in an offspring of 1307 

individuals were hermaphrodites. It seems obvious to us that special 
intcnial conditions change the female appearance, the intersexes being 
genetically homogametic and female. 1'he finding that Spinacia may 
be ciiltivated as easily as Pisum (the buds in Figs. 4 b- -d were produced 
after 20 days; cultivation in complele darkness), makes it possible to 
approach fhe physiological causes of secondary hermaphrodism in 
plants. 

Physiological problems, which are of interest to us, concern the 
possibilily of cultivating chlorophyll mutations of Hordeum and Pisum, 
Viable chlorina- or iu>iV/i,s--types wlll probably form flowers quitc readily, 
but albina- and xantha-iypes are presumably inore difficult to cultivate, 
Some preliminary experiments have failed. Since albina-nmiatiom (in 
Hordeum) change the situation of their stoinata and decrease the 
transpiration (Gustafsson, unpubl.), new attempts will be made in 
order to solve some problems regarding xerophyte and saprophyte 
strueture. 

Svalöf, November 28tli, 1939. 
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TWO EXTREME X-RAY MUTATIONS OF 
MORPHOLOGICAL INTEREST 

BV ÅKE OVSTAFSSON AKI) EWEKT ÅBERG 

INSTITUTE OF GENETICS, SVALÖF, SWEDEN AND INSTITUTE OF PLANT HUSBANDRY, 

UPPSALA, SWEDEN 


A MONG a serkjs of X-ray mutations in barley, obtained in the cx- 
Lperimenls of recent years, the first-mentioned author found two 
types, which are of interest from a morphological and phylogenetic 
point of view. According to the latter author, working on the taxonomy 
and phylogeny of Hordeum, these types are not previously met with 
in the literature. 

Both mutations have been obtained from a pure line, (iolden baricy 
(»Gullkorn»), isolated at Svalöf already before 1900. Golden barley is 
a typical Hordeum distichum nutam type, of great importance to the 
Scandinavian barley breeding, The first mutation (the two-flower type) 
arose in the Za-f^eneration in 1937 from seeds irradiated very intensely 
in the spring of 1936. The Zi-generation showed a germination 
capacity of 31 %. The second mutation (with lemma>like glumes) 
arose in the offspring of a specially treated seed-series. 645 seeds were 
desiccated above conc. H2SO4 and then X-rayed. In the roots of some 
germinating seeds the frequency of chromosome disturbances was 
examined and, in fact, most cells in division contained fragments and 
two-centromere formations. The germination capacity was 22 % and 
only 7,7 ?o fertile plants were formed. The sterility in the Z, -generation 
was high, and the mother-plant of this mutation, which appeared in the 
Zo-generation, showed 66 % sterility. 

The two-flower mutation, — Within each ordinary lemma two 
flowers are formed. This type is completely sterile and segregates as a 
recessive. The heterozygote cannot be distinguished from the dominant 
Golden barley- type. The segregation is in the ratio 3 :1. In 1938 the 
actual segregation was 413 : 124 (D/m approximately equal to 1 ). The 
cause of the sterility is unknown. — The long-awned primary lemma 
is normal. The barbs of this lemma are less numerous and less 
pronounced than in Golden barley (3 — 4 per nerve). The spikelets of 
the middle-row contain two flowers, the lemnias of which have 4 — 7 
barbs each, thus in doser agreement with the mother line. The awns 

Ueredita* XXVI, 17 
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Fig. 1 a: £ar of Goldc 
of a mutation with 
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Fig. 2 a: Flower with lemma-Iike glumcs and Ihree long awns. b: To ihe left: Ihe 
primary or ordinary lemma, to the right: the Iwo individual flowers wilhin such a 
primary lemma, cach flower with oiie long and one short awn. — */t. 

of the secondary lemmas are fairly fine, about “U of the length of the 
awns on the primary lemmas. The palese have short awns about 2 cm. 
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in length. The barbs ol‘ the awns from all lemmas and paleae agree 
in appearance with those in (iolden barley. The rachillas are normal 
with long hairs. 

A miitation wiih lemma-like glumes, — Due to its complete fertility 
and constancy this type is of direct breeding interest. Seeds are un- 
usually large. Outer glumes look like lemmas, each of them having 
an awn of the same length as that of the lemma. (In Golden barley 
the glumes are linear with shorl awns.) The size of glumes and 
lemmas is idenlicaL In contrast to the case in Golden barley the 
outer glumes are entirely without hairs. Barbs are missing. Barbs of 
the lemmas, however, are as numerous and pronounced as in Golden 
barley. All three awns have barbs. The lemmas in the side-rows are 
either blunt or pointed with or without short awns of about 1 Va cm. 
in length. 

The anatomical structure and onlogenic origin of the two flowers 
within the primary lemmas in the first-mentioned mutation is so far 
unknown to us, and we have seeii no taxonomical descriptions in the 
literature corresponding lo this type. Schiemann (1921) described the 
anomalous occurrence of two-flowered spikelets in the progeny of 
a special barley-cross. In a sample of Hordeiim vulgäre L. var. 
pallidum Sér., Vavilov found an unknown variety, differing from 
the normal in having a third outer glume at the base of the ear and 
small leaflels at the base of middle grains in the ear (Vavilov and 
BuKlNiCH, 1929). This variety, named afghunicum Vav., is however 
only superficially similar to the one described here. 

No cultivated variety or species of barley hitherto kiio\rn from 
Europé or America shows the characters of the second mutation with 
regard to the lemma-like outer glumes. Bose (1931) described a 
spontaneous variety of Pusa barley with broad outer glumes possessing 
awns and in 1937 he wrote about the heredity of this character. Whether 
the mutation with lemma-like glumes is identical to the variety studied 
by Bose with regard to the properties of the glumes is difficult to 
tell. This mutation seems to indicate that the differentiation of 
outer glumes and lemmas has not liecome completely stabile. The 
similarity of this mutation to a variety of Hordeum spontaneum 
C. Koch, named ischnatherum CossoN, is obvious, if the properties of 
the lemmas in the side-rows are taken into account. In his paper of 
1908, Körnicke has directed the attention to this feature of var. ischna- 
therum. The lemmas of the side-flowers in H. spontaneum are blunt 
as in cultivated H. distichum L. In the variety mentioned they were 
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either pointed or shorl and tliin-awned. Schweinfurth (1908) was of 
the same opinion. Schulz (1912) does not agree with Körnicke and 
regards ischnatherum as a step forward from H, spoiitaneum to the six- 
rowed barleys. According to him, H. spoiitaneum var. ischnatherum 
has not only pointed or short-awned lemmas, but these can even be 
blunt. The X-ray mutation described above shows that pointed and 
short-awned types niay arise from normally blunt varieties. That might 
be the cause of the origin of such variations in nalure. 

"fhese mutations are of interest from a plant-breeding poiiit of 
view, They show that it is possible lo produce mutations outside the 
normal variability of cultivated and high-yielding plants. Especially the 
second mutation, which is eompletely fertile and viable, may be 
mentioned. Seeds are larger than in (lolden barley, presumably due to 
an increased assimilation around the flowers. In a paper to be published 
shortly, one of the authors will describe a series of viable mutations 
produced a 11 er special treatments by X-ray ing. They fall, however, 
within the normal variation sphere of the cultivated barley. Planned 
viability and produclion tests will show whether these viable mutations 
are inferior. ecjual or, in some cases, even superior to the mother-linc*. 
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THE EFFECT OF ACENAPHTHENE AND 
COLCHICINE ON MITOSIS OF ALLIUM 
AND COLCHICUM 

»V ALBERT LEV AN 

CYTO-GENETIC LABORATORY, SVALÖF 


T he effect rif colchicine on the chroinosome mechanisiii is of a 
dislinctly differeni natnre from the pathological phenomcna 
caused by most otlier poisonous subslances. The niost characteristic 
fealure in the action of colchicine is pe?rhaps its exlremely keen selectiv- 
ity. While most oflier poisons hring about mitotic disturbances in 
general, colchicine affeels f>nly the spindle apparatus. Other vital 
processes of the chromosomes seeni to continue normally, even during 
colchicine treatments of considerable lenglh. In view of Ihis facl it 
seems necessary to assumc that the colchicine molecule has a specifie 
ability to act directly upon the molecules which build up the spindle 
organs, the centrosoines and centromeres, while other pliysical and 
Chemical agents cause more or less complex disturbances of initosis. 
Ill order to stress t his point 1 introduced the term c-mitosis to demote 
the abnormality of mitosis caused by colchicine. 

It soon turned out that other subslances as well as colchicine were 
able lo cause c-niilosis. Thus Schmuck (1938), Kostoff (1938 a) and 
Navashin (1938) reported that they had found another substance, 
acenaphthene, which had a similar effect to that of colchicine. And 
iater on Schmuck and Kostoff (1939) and Simonet and collaboralors 
(for instance, Simonet and Guinochet, 1939) direeted their attention to 
several cyclic lialogene derivatives with similar action. Nebel (1938), 
however, failed to get any effect of acenaphthene in his material, 
staminal hairs of Tradescantia, And Blakeslee (1939) States that 
acenaphthene »seems relatively ineffeetive in inducing 4n plants in the 
species with which we have tested it» (p. 163). 

If the effect of colchicine is due to a very specialized reaetion, a 
temporary poisoning or inaetivation of the spindle organs, it is a priori 
surprising that these relatively simple benzole and naphthalene derivat- 
ives are able to produce the same effect as the very complicated col- 
chicine molecule. It therefore seems appropriatc to make a critical 
comiparison of the action of colchicine and these other subslances on a 
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cytologically suitabte material. The present paper deals with the effeet 
of acenaphthene on the root chromosomes of the same Allium 
fistulosiim clone, llie reaetion of which to colchicine was studied earlier 
(Levan, 1938). Its normal cytological conditions have heen controlled 
for several years. lii order to elucidate the problem also from another 
angle, the effeet of colchicine and acenaphthene on Colchieum is de- 
scribed afterwards. Colchieum should for natural reasons be immune 
to colchicine. And Blakeslee (L c.) met with a negative result of the 
macroscopical c-tumour reactioii in Colchieum: »It is like the snake 
which is immune to its own venom» (p. 163). If Colchieum, in spite of 
its immunity to colchicine, is affeeted by acenaphthene the possibility 
must be considered as to whether two different processes necessary for 
normal spindle funetion are present, each of which may be affeeted 
separately, one by colchicine and the other by acenaphthene. 

Owing lo the insolubility of acenaphthene in waier, the treatments 
of root tips with acenaphthene must be perforrned in a somewhat differ- 
ent way from the colchicine treatments. The smaller Allium bulbs were 
treated with acenaphthem* by wrapping the roots in moist filter-paper 
and putting them in petri dishes, iii which small amounts (about 1 g) 
of acenaplithene were placed, The larger Colchieum bulbs were placed 
in an acenaphthene atmosphere under a glass-bell. It was found that 
a positive effeet could be obtained by placing the acenaphthene crystals 
on smali watch-glasses at a short distance from the roots. Thus the 
vapour of the subslance is effeetive. In order to obtain the maximal 
effeet quickly, the best method, however, is to dust the roots directly 
with plenty of acenaphthene and then wrap them in moist filter-paper. 
This very strong treatment was not lethal as a rule, either in Allium 
or in Colchieum. Since the course of the changes in the mitoses were 
more regular following such maximal dosages, most of the experiments 
described below refer to such treatments. 

My thanks are due to Dr. O. Hagerup, Copenhagen. for providing 
me with Colchieum material, and to Miss M. Palm for valuable technical 
assistance. 

I. ACENAPHTHENE EXPERIMENTS WITH ALLIUM* 

A clear difference in action between colchicine and acenaphthene 
is observed in the very first appearance of the disturbances. As soon as 
the concentration of the colchicine solution tested is inereased above the 
threshold value, the effeet sets in with remarkable suddenness and coni- 
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pleteness. In fact, the cffect is maximal already a few minutes after the 
beginning of the treatment, and normal mitoscs are entirely absent from 
the tissue. Acenaphthene acts decidedly more slowly, its initial period 
from the firsl vLsible action until full effect lasts for several days. Even 
after a treatment of 5 to 7 days plenty of normal anaphases may be 
found in the tissue and only after Ihe longest treatnients in niy ex- 
periments was the tissue completely dcvoid of normal mitoses. On 
account of this extension of the initial period, we have a splendid 
opportunity here of studying the induced changes slep by step in a 
inanner impossible after colchicine treatments. 

After a treatment of 4 to 24 hours most mitoses take place normally. 
A nuniber of qiiite normal anaphases are seen exceedingly well in the 
longitudinal sections. Still Ihe first signs of abnormalities are already 
present. The equatorial plates have nol always developed quite 
regularly. One or two chromosonies inay be located outside the plate, 
^)r the whole plate may be changed into a half-spherical shape, indicating 
that one of the cenlrosomes has l>een put out of fimction. 

During the nexl period, a treatment of 1 to 4 days, more con- 
spicuous changes of fhe spindle appear. These changes almost always 
begin in Ihe exteriör part of the spindle, in the cenlrosomes. Thus the 
congression of fhe chromosonies into ihe equalorial plate becomes more 
and more deficient. And when no trace of an equatorial plate can be 
detected any longer and the chromosomes, after the disappearance of 
the nuclear membrane, are scattered iwenly over the entire cell, the 
centromeric part of the spindle still Ixdiaves normally: the centromeres 
divide and the half-centromeres repel each other. In other words, Ihe 
interiör part of the spindle still continues to fimction. During this break- 
down of the exteriör spindle there very frequently occur all kinds of 
abnormal spindles, such as mono-, tri- and multipolar spindles, rcsult- 
ing in the origin of a varying number of nuclei in each cell. These 
nuclei may often be separated by cell walls. 

At the same time as this inactivation of the centrosomic spindle 
lakes place, the first signs of an abnormal behaviour also of the centro- 
meres can be observed, Often only one or two chromosomes of one cell 
begin lo behave abnormally, Fig. 2 a pictures such an extreme case, 
where just the satellited chromosome has been affected, while the rest 
of the chromosomes form a normal bipolar anaphase. The first visible 
effect of acenaphthene on the centromeres is, in the same manner as 
after colchicine, a delay in the division of the centromeres. The 
relational spiral is completely or partly uncoiled before the division 
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of the centromeres (Fig. 1 a — g). The very typical cross-shaped c-pairs 
are formed in more advanced stages of the c-mitosis (Fig. 1 h — i), They 
are identical in appearance to the colchicine-induced c-pairs. 

That the inactivation of the centromeres occurs gradually is de- 



Fig. 1. Allium fistulosum, the developmeiit of Ihe c-pairs after accMiaphtheiie treal- 
ment, a — g: Ihc uncoiling of the relational spiral, h — i: the cross-shaped c-pairs, 
] — k: the end stage of the c-pair formation, /—g: an earlier stage, where the repulsion 
force of the half-centromeres is still fiinctioning. — X 3900. 

monstrated, I think, by the following very typical phenoinenon. Even 
when the division of the centromeres is delayed considerably the daugh- 
ter centromeres nevertheless effect a repulsion on each other, when they 
eventually separate. Instead of remaining juxtaposed parallelly, as after 
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colchicine treatmeiit, the chromatids now move away from each other 
with the centromeres in front of them (Fig. 1 l — q). The two-armed 
chromosomes are in this nianner bent in the centromeric region just as 
at the normal anaphase (Fig. 1 p — q). Since, liowcver, the exteriör 
spindle is lacking, the half-chromosomes will move out irregularly in 
the plasm in all directions. Finally, it is impossible to jdentify which 
half-chromosomes originate from the same chromosoine. The two half- 
chromosomes of the only satellited chroniosome present may be 
recognized, however, and it may then be seen that they are very often 
lying in diametrically opposite corners of the cell, into which position 
they must have been forced by the repiilsion of their centromeres. 



Fig. 2. AUium fistuJosum, llic hreak-down of Uu* sphullo af ler aeeiiaphlheiie Ireal- 
incnt, a: oiily uiie chroniosome has been affecled, h: a cell-pair origiiiated from an 
abnormal anapliase. — X 2500 


As a resiilt of the abnormalities described above a tissiie will origiii- 
ate interiningled with cells witJi abnormal chroniosome compleinents. 
In the most cominon case two cells of different size are formed at each 
telophase, onc with more than 2x chromosomes, the other with less. 
It is often possible at a much later stage to rccognize from the cell 
shape the cell-pairs that have originated in such a manner. These pairs 
of cells subsequently function as one cell, they enter prophase and pass 
mitosis together. In Fig. 2 & is shown such a pair of cells, which have 
just started a new^ mitosis after the preceding affected mitosis. It will 
be seen that the smaller cell has got 6 chromosomes al the preceding 
abnormal anaphase, while the larger cell has 26 chromosomes. It is 
cvidently the intimate connection between the two cells which makes it 
in any way possible for a 6 chromosome cell to complete mitosis. In 



ACENAPHTHENE AND COLCHICINE 


267 


polleu grains, for instance, where each cell is more definitely separated 
from the neighbouring cells, mitosis can never occur in a cell lacking 
even one single chromosome. Of course, these liypo- and hyperdiploid 
cells will sooner or later atropliy. And since these cells in the first week 
of treatment are in absolute majority, this implies a very severe strain 
on the vitality of the organ in question. This condiiion is avoided in 
the more instantaneous action of colchicine. 

During the next period of treatment, 4 — 14 days, c-pairs of the 
same type as after colchicine treatment are found, and gradually they 
begin to behave like colchicine induced c-pairs, even on their separation 
(Fig. 1 / — A). In otluT words, the break-down of their centroraeres is 
now corapleie. And after this the random distribution of the chromo- 
some material of the cells ceases and piire duplications of the chromo- 
somes are hroiight about. These duplications may be repeated in the 
same cell i)rovided the effect of the acenaphthene is prolonged. Thus, 
in root tips treated for 14 days wilh acenaphthene there occurred 
iiumerous polyploid cells, luostly tetraploid hut also octoploid and even 
higher polyploid cells. 

The increase of the chromosome numher in the cells is accompanied 
by an increase in the size of the cells, just as after colchicine treatment. 
This gives rise to the very characteristic swellings of the root tips, the 
so-called c-tuinours. In fact, the c-tumours may be used as a rather 
sensitive reaction on c-mitoses. It must be remembered, however, that 
such tumours may be formed also by processes quile diffcrent from the 
c-mitoses, for instance, by treatment with growth substances (Levan, 
1939). Due to the less complete action of acenaphthene, the c-tumours 
often become somewhat more extended in length than after colchicine 
treatment. 

When the roots, after the conclusion of the treatment, are trans- 
ferred into pure water, the spindle apparatus starts functioning again 
after a time interval of about two days, and after 3 — 5 days in pure 
water all mitoses have changed to normal. It is then seen that, in the 
same way as after colchicine treatment, the mitoses often have a higher 
chromosome number, 32 or 64, higher up in the root. In the young 
meristem, on the other hand, very soon normal 16 chromosome mitoses 
will predominate. This expresses itself macroscopically by the root tip, 
which grows out after the end of the treatment, rapidly narrowing down 
to normal thickness. But still after a considerable period in pure water 
the treated region may be distinguished from the younger part of the 
ro(5t by a more or less abrupt increase in thickness. 
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II. EXPERIMENTS WITH COLCHICUM* 

1. MnierUiL — The Colchicum species iised, autumnale L., Born- 
mälleri Freyn., byzcmtinum Ten. and speciosum Stev., were procured 
from the Botanic Gardens of Lund and Copenhagen. Their normal 
chromosome conditions will he described elsewhere, for the present only 
a few data hcing inentioned. The somatic chromosome numbers of the 



Fig. 3. a — b: Colchicum autumnale, c — d: Colchicum Bornmulleri, b: rools treated 
with acenaphtlioiie for 20 days, d: rodts trealed witli colchiciiie solutiem for 43 days. 
a and c: Controls in pure water. — Photo H. Olsson, Svalöf. 


Colchicum forms studied so far are situated between 38 and 54. Within 
the spccies very considerable differences in chromosome size oceur, the 
longest chromosomes of each idiogram being several times longer than 
the shortest ones. The absolute length of the chromosomes varies 
between 0,8 and 6///, Mosl of the chromosomes have submedially located 
centromeres, but some have their centromeres subierminally — terminally 
located. 

The treatments were made to a great extent in an unheated green- 
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house during October 1939, and the temperature of Ihe greenhouse was 
often rather low (about + 2° C.). Root tips were fixed in Navashin, 
which usually gave very good fixations. A great nuinber of mitoses 
were present in the roots (sometimes as many as 500 mitoses in one 
root) and the chromosomes showed very clear centromeric constrictions. 

2. Colchicine treatments. — Bulbs of the four Colchicum species 
used were placed in colchicine Solutions of the concentrations 0,oi, 0,i 
and 1 % . From 6 hours to 15 days after the beginning of the treatment 
root tips were fixed at different intervals. And after this time some of 
the bulbs were lefl for one month in the Solutions. During all this 
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Fig. 4. Colchicum nutumnalc, anaphasc chromosomes from a root tip treated for 
15 days with 1 % colchicine solution. — X 5000. 


time no signs of c-tumours were observed. In Allium the formation 
of c-tumours is quitc evident already after a treatment of one day. 
Fig. 3 d shows a Colchicum bulb, which was allowed to grow for 
1 V 2 month in a 1 % colchicine solution, while the bulb pictured in 
Fig. 3 c was left for the same time in pure water. As seen, the col- 
chicine-treated plant has at least as long and vigorous roots as the 
control plant. As a matter of fact the roots continued to grow rapidly 
in length all through the period in colchicine. 

The cytological study showed no differences whatever in the num- 
ber and course of the mitoses of the treated plants, as compared with 
Ihe Controls. Even after 15 days in 1 % colchicine no signs of c-mitoses 
could be dctected, and the anaphases took place absolutely normally 
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(Fig. 4 a — c). Thu.^ it may be said that the spindle of Colchicum is 
enlirely immune to colchicine. 

3. Acenaphthene treatments, — The 4 species employed all re- 
sponded very strongly to acenaphthene. The appearance of the macro- 
seopie c-tumour reaetion is seen from Fig. 3 b, whicli pietures a bulb, 
the roots of which had grown for 20 days dusted with acenaphthene 
crystals. The difference from the control plant in Fig. 3 a is striking. 

The cytological study of the effeet of acenaphthene on the Col- 
chicum chromosomes was rendered difficult by the high number of 
chromosomes present and their small size. It is demonstrated beyond 
doubt, however, that acenaphthene causes real c-niitoses in Colchicum 
as well as in Allium. 


TABLE 1 . The course of the acenaphthene effeet. 
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In Table 1 is given a survey of the acenaphthene action on the 
Colchicum mitoses. Colchicum seemed to be somewhat more sensitive 
io acenaphtbene than Allium. In some cases a number of c-mitoses 
are found in the treated tissues already after 12 hours. It must be 
pointed out, however, that the early c-mitoses sometimes looked some- 
what abnormal. Thus the c-pairs were often collected into a more or 
less compaet ball in the centre of the cell, and not until after 2 — 3 days 
did they begin to assume a more normal appearance. In such cases 
the acenaphthene treatment seemed to bring about a shock effeet, which 
required some time to fade away. In other cases even after a treat- 
ment of 8 days there were a great number of normal mitoses present 
mixed with the c-mitoses. 

‘ n = normal mitoses, c =• c-mitoses. 
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Another feature also indicating a more sudden response to ace- 
naphthene in Colchicum than in Allium is the very scarce occurrence 
of multipolar anaphases. This gave the impression tliat acenaphthene 
acts more definilively on the spindle mechanism of Colchicum than on 
that of Allium. 

Fig. 5 shows tiic differtmt slages in the development of the c-pairs 
of Colchicum. The chromosomes are scattered disorderly after the 
disappearance of the nuclear membrane, and the chromatid spiral begins 
uncoiling (Fig. b a — p). The variation in size of the Colchicum chro- 
niosomes, together with diffcrences in the position of their centromeres, 
gives a very much greater diversity in appearance to the c-pairs than 


is the case in 

Allium. 

The centromeres were seldom divided during the 
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Kig. 5. Colchicum, llio devclopnifiit <if the c-pair.s after auenapiithenc treatment. — 

X 4000. 

Jirsl fcw days of the treatments, and this accounts for the rare occur- 
rence of multipolar anaphases. When the centromeres on the fourth 
day after the beginning of the treatment started to divide the centro- 
meres wcre evidcntly completely inactivated, so that the half -centro- 
meres did not repel each other (Fig. 5s — z). On the sixth day the 
second and third c-mitosis in the same cell began to appcar. The 
chromosome numbers could then, withoul any difficulty be eslimaled 
at about 80 and 160 respectively. 

The period of spindle recovery could in some cases be followéd 
in detail. After a treatment of four days and a period of one or two days 
in water single normal mitoses were found among numerous c-mitoses. 
After a further 5 or 10 days in pure water the same plant showed normal 
diploid mitoses in the meristem and solitary normal tetraploid mitoses 
more distant from the tip. 
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In another case the treatment was continued for 8 days, the re- 
covery being thus controlled after 3, 5 and 7 days in water. In these 
'roots a very high percentage of tetraploid cells and also some octoploid 
cells were met with. In the cortical cells at a rather lon g distance from 
the tip numerous abnormalities occurred even after 7 days in water. 
One of the most common abnormalities was the occurrence of 
multinucleate cells, in which the different nuclei entered mitosis 
simultaneously. These mitoses in the same cell took place without 
disturbing each other. They often resembled mitoses of the tapetum 


TABLE 2. The occurrence of polyploid mitoses in tivo roots of 

Colchicum. 
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cells. And if two equally-sized nuclei were dividing in one cell the 
similarity to the second meiotic division was striking. The spindles of 
the different mitoses might then be orientated either side by side or 
behind each other in one row. 

In some roots the different types of mitoses could be counted section 
by section. Table 2 gives two instances of such counts. As has 
previously been demonstrated in Allium, it was found also in Colchicum 
that the frequency of polyploid cells increases the greater the distance is 
from the tip meristem. Thus, as might be expected, the diploid cells 
of Colchicum are superior in the competition with polyploid cells within 
the mixoploid tissue. Nevertheless, in certain roots whole sectors were 
found to remain tetraploid during some time after the end of the treat- 
ment. 
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III. DISCUSSION* 

My experiments confirm to a great extent tlie opinion of Kostoff 
Ihat in its effects on mitosis acenaphthene is comparable to colchicine. 
The negative results with acenaphthene, which have sometimes been 
reported, must be due either to a special immunity of the experiinental 
plants employed or, inore likely, to an erroneous technique. The latter 
explanation has been suggested by Kostoff (1938 b). Differences in 
the effecl of acenaphthene occur, however, in identical material as 
compared with the effect of colchicine. Thus, acenaphthene acts 
decidedly more slowly in Alliiim than colchicine. It takes perhaps 
1000 times longer to oblain the maximal effect with acenaphthene than 
with colchicine. The reason of this may be found in the very low degree 
of solubility of acenaphlhene in water, which necessarily retards its 
absorption in the cell sap. If this is the case, perhaps the external parts 
of the tissue should be affected first, and this could not be demonstrated 
in my experiments. The affected cells were found intcrmingled among 
normal cells all through the tissue. 

On the other hand, the similarity of action between acenaphthene 
and colchicine is striking. And the final stagc of the effect, the com- 
pletely formed c-pairs, is identical in both cases. The acenaphthene 
effect, as it appears in Allium, may consequently be regarded as an 
ultra-rapid exposure of colchicine action. And this condition involves, 
as has been pointed out earlier, a great advantage for the detailed study 
of the course of the chromosome disturbances. The course of the c- 
mitosis bccomes extremely fractionated. 

(ireat as the advantage of this condition is theoretically, it is equally 
disadvantageous from a practical viewpoint, when it comes lo inducing 
polyploidy. Kostoff emphasizes the lack of poisonous effect of ace- 
naphthene as an advantage, compared with colchicine. This advantage 
is unfortunately diminished by the slowness in action of the acenaph- 
thene, which must cause a predisposition to the origin of aneuploid cells. 
Such cells are of course under all conditions formed during the recovery 
stage. Colchicine, too, gives a slow and fractionated recovery process, 
during which all kinds of spindle disturbances are found. 

It may be mentioned, however, that these conditions have been 
studied by me in detail only in Allium. It is therefore probable that 
other plants may exhibit another reaetion, and will perhaps be to the 
advantage of acenaphthene in inducing polyploidy. This is of course 
the case under such special conditions as in Colchieum, which is immune 

18 
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lo colchicine. According to Blakeslee (1. c.), Ihe fungi are immune to 
colchicine. In other cases perhaps organisms are found to be hyper- 
•sensitive to colchicine, so that even small doses cause lethality. Here, 
loo, the less poisonous acenaplilliene will be appropriate. It thus 
lollows that from a praclical viewpoint it must be important that com- 
paralive trcatmenls with different accessible substances are carried out 
in order to make sure in each case which substance is Ihe most suitable 
one for the kind of organism under examination. 

A vcry important branch of the intensc study of the course of the 
c-mitosis and the c-ineiosis, which has been going on since the discovery 
of the polyploidy-inducing ability of colchicine, is the analysis of differ- 
ent problems connected with the mechanics of the cell divisions. The 
possibility of temporarily inactivaling the spindle apparatus, affords a 
\aluable opportunily of an experimental approach to the forces governing 
Ihe normal course of mitosis and meiosis. And I think that the use 
of acenaphthene may be of still greater importance than colchicine in 
Ihis field. l'hus the differential reaclion of the exteriör and interiör 
spindle could be very easily studied during the acenaphthene treatment. 
These two parts of the spindle, conveniently referred to as the centro- 
soinic and centromeric parts, are usually inactivated simultaneously by 
colchicine. It was only when concentrations just above the threshold 
vallie were used (in AUium about 0,(m»5 % ) that the exteriör spindle was 
regularly inactivated before the interiör spindle. Acenaphthene conse- 
quently aets as a very dilule colchicine solution, which is in agreement 
with its very slight solubility in w^ater. 

Thus the complex nature of the spindle mechanism is morc clearly 
exhibited by acenaphthene than by colchicine. Beside the difference 
between the centrosomic and centromeric part of the spindle the centro- 
ineric funclion is furlher divided into two partial funetions: one re- 
produetive funetion, which brings about the division of the centromere, 
and one repelling funetion usually regarded as the internal spindle. The 
reproduetive funetion is affeeted by acenaphthene in such a manner 
that a remarkable delay in the division of the centromeres is brought 
about, but tim funetion is never arrested completely. The repelling 
funetion, on the other hand, is gradually eliminated during the progress 
of the acenaphthene effeet, so that the two daughter chromosomes of 
each c-påir will eventually remain parallel beside each other. 

It is impossible at present to decide if the effeet of acenaphthene is 
really identical with the effeet of colchicine. The experiments with 
Colcliicum show that the same spindle apparatus can be immune to one 
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of these substances and susceptible to the olher. Tlie possibility touchcd 
upon in the introduction, Ihat colchicine and acenaplithene may act 
iipon two different part-functions, both necessary for a normal spindle 
function, certainly diminishcs in probability at Ihe same tirne as the 
course of the c-mitoses caused by the two different substances are in 
detail similar morphologically to each other. A sccond alternative is 
Ihat the effect of colchicine and acenaphthene are idenlical, the obst^rved 
differences in their action being due just to differences in solubility, in 
leactivity etc. This second alternative necessitates the assumption of 
Ihe presence of an antivenom in Colchiciim (cf. Blakeslee, 1. c.), which 
inactivates the colcliicine in the cells, before the colchicine action is 
brought about. The genus Colcbicum must necessarily have aqiiired 
Ihe faculty of deslroying colchicine before tlie faculty of producing 
colchicine. 


SUMMARY* 

The effect of acenaphlhene and colchicine is studied on rool mitoses 
of Allium and Colchiciim. 

In Alliiim acenaphthene is found to bring about the same deviation 
from normal niitosis as colchicine. The slower and less complete action 
oi acenaphthene, as compared with colchicine, may be ascribed to ils 
lower degree of solubility in water. 

The differential reaction of one exteriör and one interiör part of 
the spindle apparatus already observed after colchicine treatinent is 
made more evident after acenaphthene trealment. 

Colchiciim is shown to be entirely immune to colchicine, but highly 
susceptible to acenaphlhene, which causes regular c-mitoses in Col- 
chiciim, giving rise to tetraploid and ocloploid cells and sectors. 

Svalöf, 14th November 1939. 
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ZUR GENETIK VON PHASEOLUS VULGARIS 

XVI. WEITERE BEITRÄGE ZUR VERERBUNG DER 

TEILFARBIGKEIT 

VON HERBERT LAMPRECHT 

SAATZUCHTANSTALT WEIBULLSHOLM, LANDSKRC3NA 
(With a Sunimary in English) 


V OR einigen Jahren habe ich (Lamprecht, 1934) eine Arbeit iiber 
die Vererbung der Teilfarbigkeit der Testa bei Phaseolus uulgaris 
verötfentlicht, in der teils die bis dahin auf diesem Gebiet bekannten 
Resultate zusarnmenfassend besprochen, teils die Spaltungsergebnisse 
in F 2 von sieben Kreuzungen niitgeteilt wurden. Das bis dahin Bekannte 
und die Ergebnisse dieser Arbeit können etwa folgenderniassen kurz 
zusammengefasst werden. 

Fur die Ausbildung von Teilfarbigkeit ist vor allem Rezessivität in 
den zwei (irundgenen, T und £, erforderlich. Alle Tfi-Pflanzen sind 
ganzfarbig. Ausserdem gibt es mehrere Teilfarbigkeitsgene, die je fiir 
sich, wic auch zusammen, die Färbung verschiedener Gebiete der Testa 
bedingen diirften. Zwischen diesen Genen besteht Komplexwirkung. 
Welchcs Aussehen Samen haben, die in allen Teilfarbigkeitsgenen re- 
zessiv sind, ist bisher unbekannt. Es wäre demnach denkbar, dass die 
Grundgene allein schon einen gewissen Typus von Teilfarbigkeit be- 
dingen könnten. 

In der genannten Arbeit wurden 17 erblich verschiedene Typen von 
Teilfarbigkeit beschrieben und abgebildet. Die 1. c, eingefiihrte Be- 
zeichnung der Typen erfolgt mit lateinischen Namen, die die Gestalt 
der Zeichnung auf der Samenschale angeben. So z. B. bipunctata = mit 
zwei kleinen Flecken, virgata = mit Streifen, arcm = mit Bogen, virg- 
arcus = mit Streifen und Bogen, sellatus = Sattel u. s. w, (vgl. die 
weiter unten folgenden Abbildungen), Im ganzen waren schon damals 
etwa 22 verschiedene Typen von Teilfarbigkeit bekannt, weshalb an- 
genommen wurde, dass vier, wahrscheinlicher funf, verschiedene Gene 
fiir Teilfarbigkeit bestehen. 

Die Aufspaltung in den mitgeteilten Kreuzungen war, ausgenom- 
men in einer Kreuzung, Nr. 32, unklar. Die erhaltenen Spaltungszahlen 
fiir die verschiedenen teilfarbigen Typen liessen sich nicht durch die 
bekannten einfacheren Schemas fiir 2- oder 3-Genenspallung erklären. 
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Zwei IJrsachen diirften hierzu wesentlich beigetragen haben. Teils 
vC^aren alle Kreuzungen zwischen ganzfarbigen und teilfarbigen Linien 
ausgefiihrt, wobei sicli herausstellte, dass die meislen ganzfarbigen in 
der genotypisclien Konstitution ftir Teilfarbigkeit Unterschiede in meh- 
reren (iencn aufwiesen. Teils war die Klassifikation der teilfarbigen 
Typen in gewisser Hinsicht unsicher. Es gab allerdings kaum ganz 
kontinuierliche Cbergänge zwischen den wcniger gefärbten Typen — 
zwischen unipunctatn und virgarcus liegend — aber bei nicht wenigen 
von diesen war ein gewisser Teil der Teilfarbigkeit häufig schwach 
ausgebildet. Dies w^urde damals als durch modifikative Einflxisse ver- 
ursacht aufgefasst. Wie unten gezeigt wird, beruhen diese Erschei- 
nungen in der Hauptsache auf Helerozygotie in den Genen fiir Teil- 
farbigkeit. 

Genpaare fiir Teilfarbigkeit sind bisher erst zwei in ihrem Effekt 
näher charakterisiert. Das eine Genpaar ist Z — z und bezieht sich auf 
die drei Typen sellatus, ZZ, Piebald, Zr, und virgarcus, zz. Belege fiir 
diese Spaltung stammen von E. v. Tschermak (1912), Surface (1916) 
sowie Sax und McPhee (1923). Das zweité Genpaar wurde vom Ver- 
fasser (Lamprpxht, 1934) aufgestellt und abgeleitet von hipunctnin mit 
Bip — hip bezeichnet. Es ist eines der Gene, die fiir die Spaltung virg- 
nrcm { domlnmii) : hipunctatn (rezessiv) (mit Zwischentypen) verant- 
wortlich sind (vgl. unten Fig. 1 und 2). 

Seither hat F. Schreiber (1934) eine Arbeit veröffentlicht, laut der 
es einen dominanten »Löschfaktor» fiir Teilfarbigkeit gibt. Dieser sollte 
aJso die Ausbildung von Teilfarbigkeit ganz verhindern, sodass anstatt 
teilfarbigen, reinweisse Samen resultieren. Selbst habe ich auch in 
mehreren Kreuzungen (siehe L c.) die Ausspaltung von weisssamigen 
aus teilfarbigen Pflanzen beobachtel, ohne jedoch hierbei ein iiber Teil- 
farbigkeit allgemein dominierendes Gen gefunden zu liaben. 

KREUZUNG BIPUNCTATA- X VIRGATA-TYPUS* 

Diese Kreuzung, Nr. 253, wurde ausgefiihrt zwischen Linie 5 vom 
ftipunc/a/ri-Typus, herstammcnd aus der französischen Brechbohnen- 
sorte Incomparable, und Linie 88 vom virgata-Typws, ausgelesen aus 
der englischen Brechbohncnsorte Early Giant. Der bipiinctata-Typm 
ist in Fig. 1 links, der virgnta-Typm in Fig, 1 rechts abgebildet. Beide 
Typen zeigen eine gewisse, aber doch nur relativ geringe Variation 
(vgl. Fig. 9 in Lamprecht, 1934, wo 3 Samen abgebildet sind, die etw^a 
die Variationsbreite von L. 5 angeben, sowie Fig. 19 1. c., in der der 
mittlere und rechte Samen dem virgata-Typxxs von L. 88 entsprechen). 
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Die auf den Fj-Pflanzeii crhaltenen Sainen zeigten die Zeichnung 
des mittleren Samens in Fig. 1. Wie ersichtiich hat dieser die beiden 
fiir den bipunctata-Typus charakteristischen zwei Flecken gleich enl- 
wickelt wie bei der Ellternlinie, d. h. sie zeigten die gleiche Variations- 
breite wie bei dieser. Anders verhält es sich mit dem auf der Mikro- 
pylenseite befindlichen Streifen des nirgfri/a-Samens. Dieser ist hier nichl 
voll ausgebildet sondern nur durch Punkte angegeben, die allerdings 
mitimter mehr oder weniger miteinander verfliessen können. Man 
konnte sction unter den auf Fj erhaltenen Samen solche antreffen, in 
denen es schwer erschien sie sicher von schwach ausgebildeten virgatn 
der Elternlinie zu unlerscheiden. 





Fig 1. Liiiks cin Sanu* \om bipunctata-Vy\ms, biparc, rechls eiii solcher vom 
uirg(ita’Ty\ms, bipArc, Der iiiiltlere Same entspricht der heterozygoten Konstitution 
bipbip Arcarc (Fi von Kreuzung Nr. 251^). 

In der zweiten (ieneration wurden 600 Samen gesät, die im ganzeii 
537 voll reifende Pflanzen enlwickelten. Die Klassifikation der bi- 
/)unctafa-Samen verursachte keinerlei Schwierigkeit, sie waren leiclit 
von den ilbrigen zu scheiden. Bei den uirgr/fo-Samen dagegen erschien 
es schwierig cine bestiminte Grenze zu ziehen zwischen voll ausgebil- 
deten virgnta-Typen (= Elternlinie 88) und solchen mit nur durch 
Punkten angedeuteteni Streifen (vgl. Lamprecht, 1934, Fig. 19, linker 
und mittlerer Samen). Die zwischen den letztgenannlen beiden Typen 
gezogene Grenze ist also nicht scharf. Fiir die drei Typen in Fo 
ergaben sich folgende Zahlen: 

Gefunden: 132 bipiinctata:29A schwach virgaia: lU typisch virgaia 
Erwarlet: 134,25 » :268,5o » » ; 134,25 » » 

D/m fur 

1 : 2 : 1 0,22 


2,20 


2,31 
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Es besteht kein Zweifel, dass es sich hier um eine monohybride Spaltung 
wach dem Zea-Typus handelt, bei der die Abgrenzung der heterozygot 
von den liomozygot virgata nicht ganz sicher erscheint. In diesem 
Gebiet gibt es Zwischentypen, deren Zugehörigkeit erst durch Unter- 
suchung in einer weiteren Generation sichergestellt werden kann. Die 
Fji-Generation hat dies auch bestätigt. Es wurden insgesamt 22 Fami- 
lien untersucht. Sämlliche bipunctnta-Typen, 6 F'ainilien mit zusam- 
men 109 Individiien, haben nur wiederum solche Nachkommen gegeben. 
Und das Gleiche war mit den Nachkommen nach typischen virgata der 
Fall, 5 F^amilien mit 92 Pflanzen verblieben konstant virgata. Von den 
11 Familien, die nach schwach virgata gebaut wurden, waren dagegen 
2 konstant virgata, jelzl mit deutlich ausgebildetem virgata-Sireiten, 



Fif?. 2. Drei Samen vom virgarcus-Typm der Linie 57 aus der Sorte Goldregen. 
Formel: liip Are. Der linke Same hat ungcwöhnlieh schwach ausgebildetcii areus. 

während die ubrigen 9 Familien im Verhältnis 51 bipunetata : 92 
schwach virgata : 34 typisch virgata spalteten. Hier liegt also offenbar 
wiederum dasselbe 1:2: 1 -Verhältnis wie in Fs vor. 

Fur den Unterschied zwischen virgata und bipunetata ist demnach 
ein Gen verantwortlich zu machen, das in seiner dominanten Form die 
virgata-, in seiner rezessiven die bipunctata-Zeichnung bedingt. Ein Sym- 
bol fiir dieses Gen wird bei Besprechung der nächsten Kreuzung ein- 
gefiihrt werden. 

KREUZUNG BIPUNCTATA- X VIRGARCUS-TYPUS* 

Diese Kreuzung, Nr. 251, wurde ausgefiihrt zwischen Linie 5 (wie 
in voriger Kreuzung) und Linie 57, aus der deutschen Wachsbohnen- 
sorle Goldregen, die den uirgfarcHÄ-Typus repräsentiert. Die Samen des 
letzterien zeigen die in Fig. 2 wiedergegebene Zeichnung und Variation. 

Die auf Fj erhaltenen Samen zeigten die Zeichnung des rechten 
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Samens in Fig. 4. Die Ausbildung des virgata-Sireifens sowie des vom 
oberen Fleck nach beiden Seiten des Hilums ausgehenden Bogens 
variierte in der Slärke, erreichte aber niemals diejenige der Elternlinie 


Fig. .‘I. Links rirru.s-Typus honiozygot und gut aiisgcbildet: liipRip nrvarv; rcchls 
nrcus-Typus helerozygot: Biphip arcarc. 

bl (Fig. 2). Mitunter waren diese beiden Abzeichen schwach ausge- 
bildet, aber doch stcts noch erkennbar. 

Die zweite (leneration bestand aus 552 Individuen (gesät 600 


Fig. 4. Drci verschiedeii heterozygote Wfrgfarcii.9-Typen; links nir^n^n-heterozygot: 
BipHip Arcarc; Mitte «rciis-hetcrozygot: Bipbip ArcArc; rechts virgnta^ und arcus- 

heterozygot: Bipbip Arcarc, 

Samen). Die auf dieser erhaltenen Samen wurden in neun verschiedene 
Gruppen eingeteilt, entsprechend den neun verschiedenen, möglichen 
Genkombinationen einer bifaktoricllen Spaltung. Die Farbenverlei- 
lungen auf der Testa und die diesen entsprechenden Genkonstitutionen 
ergeben sich aus den Fig. 1 — 4. 
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Das eine der beiden hier wirksamen Gene ist das bereits friiher 
bckannte Gen Bip (Lamprecht, 1934). Das zweite bezeichne ich mit 
-4rc, abgeleitet von arcus — Bogen, Fig. 3 links. Diese, der sog. arcus- 
Typus, der in are doppeltrezessiv ist, wird also durch einen farbigen 
Bogen zu beiden Seilen des Hiluins charakterisiert. Zwischen Teilfarbig- 
keitstypen und diesen beiden Genen ergeben sich dann folgende Be- 
ziehungen. 

BipBip Are Are = virgareus-Typus homozygot, sowohl Bogen wie Strei- 
fen stark ausgebildet; Fig. 2. 

BipBip Arcarc — virgareus-Typus Are heterozygot, Bogen gut ausgebil- 
det, Streifen nur in niehr oder weniger deutlichen 
Punkten angedeutel; Fig. 4 links. 

BipBip nrcare ~ arcus-Typiis homozygot. Bogen schön ausgebildet, 
Streifen fchlt; Fig. 3 links. 

Bipbip AreAre ~ virgareus-Typus jR/p-heterozygot, Streifen stark aus- 
gebildet, Bogen nur in Punkten angedeutet; Fig. 4 
Mitte. 

Bipbip Areare — virgareus-Typus Are- und Bfp-heterozygol, sowohl 
Bogen wie Streifen nur in mehr oder wreniger deut- 
lichen Punkten angedeutet; Fig. 4 rechts. 

Bipbip areare = areus-Typus Bip-helerozygol, Bogen nur in mehr oder 
weniger deutlichen Punkten angedeutet (mitunter 
gaiiz fehlend), Streifen fehlt stets; Fig. 3 rechts. 
bipbip Are Are = virgaia-Typus homozygot. Bogen fehlt, Streifen stark 
ausgehildet; Fig. 1 rechts, 

bipbip Areare — n/rgrrifa-Typus i4rc-helerozygot, Rogen fehlt, Streifen 
nur in mehr oder weniger deutlichen Punkten ausge- 
bildet; Fig. 1 Mitte. 

bipbip areare — bipuneiata-Typus homozygot. Bogen und Streifen 
fehlt, nur die beiden Flecken an G.aruncula und Mikro- 
pyle sind vorhanden; Fig. 1 links. 

Aus den Figuren ist ferner ersichtlich, dass auch beim bipunetata- 
und beim areus-Typus einige Farbpunkte des Streifens vorkommen 
können, aber bei diesen Typen befinden sich diese dann nur in un- 
mittelbarer Nähe der beiden Flecken an Caruneula und Mikropyle (vgl. 
Fig. 1 links und 3). Eine Verw^echslung mit dem virgata-Typus er- 
scheint hierdurch kaum möglich (vgl. Fig. 1 Mitte und 4 links und 
rechts). 
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Die Verteilung der 552 Pflanzen der Fg-^ieneration auf die obeii 
angefiihrten neun Gruppen war die folgende: 




Gefunden : 

Theoretisch 

erwarlet: 

virgareus- 

BipRip ArcArc konstant virgareus 

. . . . 35 

34,5 

Gruppe 

BipBip Arcarc virgata-spiihcnd . . 

. .. . 16 

69.0 


Bipbip ArcArc aren.v-spaltend .... 

. . . . 78 

69,(1 


Bipbip Arcare u/rga/a- u.areu.s-spaltend 205 

138,(1 



S:a 334 

310,5 

areus- 

BipBip arcarc konstant areus .... 

2 

34,5 

Grupiie 

Bipbip arcarc areu.v-spaltend .... 

33 

69,0 



S:a 35 

103,5 

virgata- 

bipbip Are Are konstant virgata . . 

14 

34,5 

Gruppe 

bipbip Arcarc virgat a-spaUend . . . 

. . . . 93 

69,0 



S:a 107 

103,5 

bipiinetaia- 




Gruppe 

bipbip arcarc konstant bipunetaia S:a 70 

34,5 


Hei Betraclitung dieser Zalilen kann lolgendes festgesteilt werden. 
Die gef lindenen Individuensuinnien fiir die bciden Gruppen virgnrcm 
und virgaUi zeigen mil den bei Zweigenenspaltung erwarteten gute Gber- 
einstiminung. In der arciis-Gruppe besteht dagegen ein starkes Dcfizit 
lind in der bipuiictata-CiViippv ein etwa dementsprechender Cberschuss. 
Vereinigt man diese beiden (iruppen, so resultieren folgende Zahlen. 

Gefunden: 334 virgarcus : 107 virgata : 111 nrcus-hipunctatn 
Erwarlet: 310,5 » : 103,5 » : 138,0 » » 

D/m fiir 

9:3:4=-" 2,o2 0,i9 2,6C 

Es handelt sich also zweifellos um eine bifaktorielie Spaltung in den 
beiden Genpaaren Bip — bip und Are — are, nur lässt die Abgrenzung der 
verschiedenen heterozygoten Gruppen zu wiinschen iibrig. Innerhalb 
jeder der beiden Gruppen virgareus und virgata finden wir wiederum 
dieselbe Unsicherheit bei der Abgrenzung des homozygoten gegen den 
heteroz 3 ^goten Streifen wie in der vorigen Kreuzung, nur hier in noch 
slärkerem Masse. Ferner ist die Ausbildung des areus meistens schlecht. 
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Nur 2 Individuen wurden als homozygot arcus und 33 als heterozygot 
klassifiziert. Der Rest, etwa 60 Individuen, kam in die hipunctata- 
(iruppe. Dies bewies die dritte (ieneration, in der aus bipunctata sowohl 
hetero- wie homozygote arcus-Typen ausspalteten. Da die Ausbildung 
des arcus sowohl in Linien wie in anderen Kreuzungen jedoch eine 
gule sein konnte, erscheint es möglich, dass in Kr. 251 noch ein Gen 
wirkt, das die schwache und unsichere Ausbildung dieses Typus bedingt. 
Wahrscheinlich handelt es sich hierbei um ein Teilfarbigkeitsgen, das 
beide Elternlinien in gleicher Allelenform enthallen. 


KREUZUNG BIPUNCTATA- X MAJOR-TYPUS. 

Diese Kreuzung, Nr. 174, wurde ausgefiihrt zwischen L. 5 (wie in 
vorigcr Kreuzung) und L. 6 aus der französischen Brechbohnensorte 


TABELLE 1. Die Aufspaltung des Bastards Arcarc Bipbip Diffdiff in 
Fi von Kreuzung Nr. 174. 


G e 

n e n s 

p a 1 t 

ung 

Tellfarbig- 

keitstypus 

Individuennnzahl 
Gefunden j Erwarlet 

I)/m 




\21Diff 

virgareus 

238 

231,19 

0,59 



oo IJip 

9diff 

maximus 

66 

77,o« 

1,36 


48 Are 

1 12 bip j 

1 90i/r 

virgata 

60 

77,06 

2,10 1 



1 ’6diff 

major 

29 

25,60 

0.07 1 

Pi ■ 

16 are 

12 Bip 

(m 

arcus 

155 

137,00 

1 

1,77 1 



l 4 bip 


1 bipunctata 

i 

1 


1 1 


Tres nain précoce, Letztere repräsentiert den ma/or-Typus; siehc Fig. 5. 
Die auf der ersten Generation erhaltenen Samen zeigten die in Fig. 6 
wiedergegebene Zeichnung. Wie ersichtlich stehen diese Samen dem 
virgarcus-Typus nahe, doch mit etwas stärkerer Ausbildung des arcus 
und zweier Lappen an den Seiten der Mikropyle. In den beiden vorigen 
Kreuzungen zeigte sich, dass Heterozygotie in den beiden Genen fur 
Teilfarbigkeit Are und Bip intermediäre Typen ergab. Dasselbe scheint 
auch hier der Fall zu sein, jedoch mit einer starken Annäherung an den 
Typus mit geringerer Ausbreitung von Farbe auf der Testa. Die grössere 
Ausbreitung der Farbe, wie sie der eine Elter fLinie 6) zeigt, scheint 
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daher durch Rczcssivitäl in einem weiteren "Feilfarbigkeitsgen bedingt zu 
werden. 

In der zweiten (ieneration wurden 600 Sainen gesät, die 548 samen- 
trageiide Pflanzen entwickellen. Diese konnten hinsichllich Teilfarbig- 



Fig. 5. Drci SamtMi voni major-Typus aus Linio 6, Tres nain précoce. Der eine Elter 

von Kreuzung Nr. 174. 

keit hauptsächlich in folgende 6 verschiedene Typen eingeleilt werden: 
hipanctatu, arcus, virgata, viryarciis, maximus und major (vgl. Fig. 1 — 5 
und 7). Die fiir diese scchs Typen gefundcnen und theoretisch erwar- 
tclen Individuenanzalilen sind in Tabelle 1 zusammengestelll. Aus dieser 



Fig. 6. Die Zeichnung der auf Fi von Kreuzung Nr. 174 erhallenen Samen; Formel: 

Biphip Arcarc Diffdiff. 

ist vor alJem ersichtlich, dass teils eine Spaltung in den beiden in voriger 
Kreuzung behandelten Genen Are und Bip, teils eine Spaltung in einein 
weiteren Gen statlgefunden hat, das als Diff bezeichnet wurde. Da nun 
die eine Elternlinie, Nr 5, vom hipunetata-Typm in Are und Bip re- 
zessiv ist (vgl. die vorige Kreuzung), kann auf Grund der gefundenen 
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Spaltung gcschlossen werden, dass der durch die andere Elternlinie, 
Nr, 6, repräsentierte /na/or-Typus in diesen beiden Genen dominant sein 
111 u$s. Ferner muss sich der ma/or-Typus in wenigslens noch einem 
weiteren (ien vom bipiincfata-Typua unlerscheiden. Dieses neue Gen 
bedingt laul den Spaltungsresultateii in rezessiver Form eine Ausbrei- 
tung der Farbe auf der Testa. Mit Hinblick hierauf wurde es mit dem 
Symbol diff, abgeleitet von di7/w/idere = ausbreiten, belegt. 

In den beiden (ienpaaren Are — are und Bip — bip erhållen wir die 
gleiche Spaltung wic in der vorigen Kreuzung, nämlich dem Verhältnis 
9:3:4 entsprechend, da auch hier wiederum die (irenze zwischen den 
beiden Typen areus und bipunetafa nicht scharf ist. Der areus ist oft 
selir schwach ausgebildet oder nicht mehr erkennbar, sodass ein Teil 



Fig, 7. Drei Samen vom m(iximus-Ty\nis. 


der orc«.s‘-Typen als bipunetata klassifiziert werden. Fiir die Spaltung 
in diesen beiden Genen ergaben sich folgende Zahlen: 


(iefuiiden: 304 Are Bip : 89 Are bip : Ibb are 

Erwartet: 308,25 » » : 102,75 > » : 137, oo » 

D/m fiir 

9:3:4= 0,37 l,5i 1,77 





Wie ersichtlich ist die Obereinstimmung zwischen gefundenen und 
Iheoretisch erwarteten Zahlen befriedigend. Von den arc-Individuen 
wurden 72 als areus und 83 als bipunetata klassifiziert, was auf die 
vorhin erwähnte schlechte AusbUdung des areus zuriickzufiihren ist. 

I)as neue Gen diff scheint bei Rezessivität in are, wenigstens bei den 
hier in Frage kommenden genotypischen Konstitution, weder in domi- 
nanter noch in rezessiver Form einen Einfluss zu besitzen. In der Gruppe 
der ärc-Individuen bedingt Rezessivität in diff eine starke Ausbreitung 
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der Teilfarbigkeit. Der virgnrciis-Typus wird durch diff in den 
maximus-, der virgata-Typm in den ma/or-Typus umgewandelt. Es 
kann hier die nicht häufige Erscheinung festgestellt werden, dass ge- 
wisse (iene fur eine Eigenscliaft (Teilfarbigkeit) diese in dominanter 
Form verslärken, während ein anderes (ien (diff) dies in rezessiver Form 
bedingt. D, h. Are und Bip verursachen in dominanter Form grössere 
Ausbreitung der Farbe auf der Testa, Diff bedingt grössere Ausbreitung 
dagegen in rezessiver Form. 

Wie sclion fiir f] erwähnt worden ist, zeigen virgarciis-Samen bei 
Ilcterozygotie in Diff ein wenig grössere Verhreitung der Farbe (s. 
Fig. ö). Dasselbe scheint auch fur den uirgfrdn-Typus zu geltcn. Auch 



Fig 8. In Kreuzung 174 ausgospaltenc Samen vom major- und maximus-Typiis, die 
ill eiiiem oder nichreren (ienen heterozygot sind. Links inayor-Typus, der in uiryata 
(Biphip) und vielleieht auch in arciis heterozygot ist, in der Mitte ein Same mit 
homozygot viryata, aber wahrscheinheh heterozygot areus. Rechts maxinmsSamv 
mit hclerozygol virgata und wahrseheinlich auch areus. 

bei den Samen vom maximus- und ma/or-Typus, die also beide in diff 
homozygot rezessiv sind, kann Heterozygotie in Are und Bip an der 
Zeiclmung fesigestellt werden. Als Beispiel hierfiir soll Fig. 8 dienen. 
Wie aus dieser ersichtlich, wird die Ausbreitung der Farbe bei Hetero- 
zygotie in Bip offeribar vermindert. Heterozygotie in Are, die den Strei- 
fen des virgata-Typun in Punkte auflöst, kann, wie der linke und rechte 
Samen in der Fig. zeigen, leichl festgestellt werden. Beim mittleren 
Samen gehl der Streifen breit und stark um das Ende des Samens 
herum; er ist hier deutlich homozygot, Are Ar c, Die durch das Gen diff 
zu beiden Seiten der Mikropyle bedingten Lappen scheinen stets deut- 
lich ausgebildet zu werden (vgl. z. B. Fig. 8 rechter Samen). 

Eine scharfe Abgrenzung aller dieser verschiedenen heterozygoten 
Typen gegeneinander ist zicmlich schwierig und wahrseheinlich nur 





288 


HERBERT LAMPRECHT 


dann sicher durchzufuhren, wenn Spaltung nur in einem der betreffen- 
den Gene slatlfindet. Hierzu sind also weilere Analysen in Fs und Fé 
usw. bzw. in speziell hierauf abzielenden Kreuzungen erforderlicli. 

KREUZUNG VIRGARCUS- X MINOR-TYPUS* 

Als virgurcus-Typus wurde zu dieser Kreuzung Linie 57, aus der 
deutschen Wachsbohnensorte Goldregen stammend, benutzt, die auch 



Fig. 9. Drei Sanien vom m/nor-Typus, Linie 106, der eine Eller von Kreuzung Nr. 282. 

ZU Kr. 251 als Elter verwendet worden ist. Der zweite Elter, Linie 106, 
slammt wahrscheinlich von einer spontanen Kreuzung und wurde als 



Fig. 10. Drei Samen vom minimuÄ-Typus, Linie 63. 


Einmischung in einer Sameiiprobe angetroffen. Bei Vermehrung seiner 
Nachkonimen zeigte sich, dass diese hinsichtlich Teilfarbigkeit konstant 
waren. Die Testalarbe ist Kastanienbraun, Formel: PCJGbVrt, Der 
mmor-Typus (vgl. Fig. 9) nimmt eine intermediäre Stellung zwischen 
dem major- und dem minimus-Typus ein (vgl. Fig. 10). Ohne sich von 
der erblich bedingten Konstanz des mfnor-Typus iiberzeugt zu haben, 
wäre man am ehesten geneigt, denselben als eine Modifikation des 
/nqyor-Typus anzusprechen, bei dem die Farbe eine etwas grössere Ver- 
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breitung erhalten hat. Er steht nämlich dem ma/or-Typus in der Aus- 
breitung der Farbe etwas näher als dem minimus-Typus, 

Die auf Fi dieser Kreuzung erhaltencn Samen zeigten die in Fig. 11 
wiedergegebene Zeichnung. In der Ausbreitung der Farbe entsprachen 
sie also am ehesten dem ma/or-Typus, unterscheiden sich aber von 
diesem bestimmt durch die zu beiden 
Seiten des Streifens (virgata) gegen 
die Mikropyle gerichteten liellen Ein- 
schnitle. Beim ma/or-Typus fehlen 
iiberdics auch die hier oberhalb 
der Lappen vorhandenen hellen Ein- 
schnitte. Da der Streifen (virgata) voll 
und stark ausgebildet isl, sollen die 
Samen Ar c Are sein. Es wäre demnach 
zu erwarlen, dass der eine Eller, 

L. 106, der mmor-Typus ArcArc in seiner genotypischen Konstitution 
hat. Fa hat dies auch bestätigt. 

Die zweite Generation spaltetc ausser in den Typen virgata und 
virgarciis in einer Serie von Typen, die hinsichtlich Ausbreitung der 
Farbe alle Dbcrgänge vom maximus- bis zum minimus-Typus aufweisl. 
Eine Abgrenzung der vier Typen maximus, major, minor und minimus 
sowie ihrer Heterozygoten, entsprechend ihrer genotypischen Konstitu- 
tion ist daher nicht möglich gewesen. Die folgende Obersicht uber die 
erhallenen Typen isl also nur als Orieutierung zu betrachten und können 
die gefundenen Zahlen nicht zu einer zahlenmässigen Bearbeitung der 
Spaltungsverhällnisse verwendet werden. Es wurden gefunden: 

Teiirarbigkeits-Typus IndivWuin 


Kig. 11. Auf Fl von Kreuzung Nr. 
282 erhaltener Same. Formel: Bipbip 
ArcArc Diffdiff Expexp. 


virgata 28 

virgareus, heterozygot in areus 96 

virgnreus 38 

maximus, mit geringerer Farbenausbreilung 79 

maximus 45 

major, mit geringerer Farbenausbreitung 66 

major 52 

minor, mit geringerer Farbenausbreitung 41 

minor - 47 

minimus, mit geringerer Farbenausbreitung 56 

minimus 26 


Summe: 574 

i« 
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Wenn also die vorstehend angefiihrten Zahlen auch zu einer exak- 
len Analyse der staltgefundenen Spaliung ganz ungeeignet sihd, so lassen 
sie doch in beziig auf die betciligten Gene einen recht sicheren Schluss- 
satz zu. In der vorigen Kreuzung, Nr. 174, wurde ein Gen diff fest- 
gcstellt, das in rezessiver Form den virgata- in den ma/or-Typus und den 
virgarcus- in den maximu.s-Typus umwandelte. Dieselben Typen wer- 
den auch in vorliegender Kreuzung gefunden. Es liegt demnach Spal- 
tung in den beiden Genen Bip und Diff vor. Es wurden aber uberdies 
noch zwei weiterc Typen von Teilfarbigkeit, nämlich minor und 
minimus, beobachtet. Die erbliche Konstanz dieser Typen ist schon 
friilier festgcslelll worden (Lamprecht, 1934); d. h. also, dass sie in 
hoinozygoler Form auflreten. In vorliegender Kreuzung muss also noch 
ein Gen spalten, das fur die Ausbildung dieser beiden Typen veranlwort- 
lich ist und das offenbar diirch den eincm teilfarbigen Elter, den minor- 
Typus, eingefiihrt worden ist. Da die beiden teilfarbigen Typen mit 
grösster Ausbreitung von Farbe auf der Testa, der minor- und der 
mi/iimiiÄ-Typus, in geringerer Anzahl auftrcten als der maximus- und 
der muyor-Typus, sowie da der minimus-Typns, der die grösste Aus- 
breitung der Farbe aufweist, uberdies am seltensten ist, ist die Wirkung 
des hier in Frage stelienden Gens offenbar cine dem Gen diff entspre- 
chende, d. h. es bedingt gleichwie dieses in rezessiver Form grössere 
Ausbreitung der Farbe. Das hierfiir veran twortliche (ien sei, abgeleitet 
von erpandere = ausbreilen, mit dem Symbol Exp belegt. 

Eine Abgrcnzung der verschiedenen Heterozygoten gegeniiber den 
Homozygotcn in der Typenserie maximus — major— minor — minimus 
wird nur in Kreuzungen mit Spaltung in je einem einzigen (len fiir Teil- 
farbigkeit, und auch dann vielleicht nur durch quantitative Methoden, 
ini’)glich sein. 


SUMMARY. 

1. To increase our knowledge of the inheritance of partly colouring 
of the seed coat of Phaseohis vulgaris four crosses were studied. 

2. The two types of partly colouring bipunciata and virgata (Fig. 1) 
differ in the gene Are. The genotypical constitution of the bipunetata- 
type is bipbip arcarc, that of the virgata-iype is bipbip ArcArc. Hetero- 
zygosity in Are causes the formation of an intermediate type (Fig. 1). 

3. Through yet another gene, Bip, in co-operalion with Are, the 
following types of partly colouring arise: areus, BipBip orcarc (Fig. 3), 
virgareus, BipBip ArcArc (Fig. 2). Heterozygosity in the gene Bip also 
causes intermediate types (Fig. 4). 
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4. While tlie Iwo genes Are and Bip in tlieir dominant State cause 
llie extension of colour on partly coloured types, the two new genes 
Diff and Exp do so in their recessive State. These two genes Diff and 
Exp are responsible for tlie formation of Ihe types: maximus, major, 
minor and minimus (Figs. 5, 7, 9, 10). Heterozygosity in these genes 
caiises also intcrinediale types (Figs. 6, 8, 11 ). In such cases the result 
will be a series of gradual iransitions, as e. g. in cross No. 282 from 
maximus to minimus. 
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XVII-XVIII 

VON HERBERT LAMPRECHT 

SAATZUCHT ANSTALT WEIBULLSHOLM, LANDSKRONA 
(With a Summary in English) 


XVII. ZWEI NEUE GENE FÖR ABZEICHEN AUF DER 
TESTA» Pönc UND Mip, SOWIE ÖBER DIE 
WIRKUNG VON V UND Inh. 

A ls Abzeichcn auf der Testa von Phaseolus vulgaris werden vom 
^Hilumrand oder dessen unmittelbarer Nähe ausgehende, lokalisierle 
Zcichnungen aufgefasst. Von solchen sind bisher vier auf ihre Ver- 
erbung hin untersucht worden. Es sind dies Carunculastrich, Mikro- 
pylenstreifen, Corona und Margo. 

Der Carunculastrich biidet eine Fortsetzung der Spitze der Carun- 
cula nacli aussen. Er stellt einen farbigen Strich in dunklerer Farbe als 
die Testa dar und ist an seinem Ende gewöhnlich deutlich gabelförmig 
gespalten (vgl. Fig. 1). Dieses Abzeichen wird durch das dominante 
Gen Ca bedingt (Lamprecht, 1932 b). Die Farbe des CarimculawStriches 
liegt in den Pallisadenzellcn. 

Der Mikropylenstreifen biidet einen elwa 0,:» — 0,7 mm breiten, ge- 
wöhnlich graulichen Streifen, der, wie der Namen andeutet, auf der 
Mikropylenseite gleich ausserhalb des Hilumrandes seinen Ausgang 
nimmt und bis zum oder uber das schmale Ende des Saniens fort- 
setzt (vgl. Fig, 1). Er stellt eine rezessive Eigenschaft dar und wird 
durch das Gen mi bedingt. Er scheint nur bei Anwesenheit von J 
realisicrl werden zu könncn (Lamprecht, 1932 b). 

Die Corona biidet einen farbigen, den Hilumrand aussen umfassen- 
den Ring, der an der Stelle der Caruncula, soweit bisher beobachtet, 
stets unterbrochen ist. Die Corona kann vom Hilumrand zuweilen durch 
einen feinen helleren Rand getrennt sein oder sie schliesst — häufiger — 
direkt an den Hilumrand an (vgl. Fig. 2). Die Farbe der Corona ist 
von der genotypischen Konstitution fur die Testafarbe abhängig. Ge- 
wisse Testafarben scheinen also nur mit bestimmter Coronafarbe vor- 
kommen zu können. Die Ausbildung der Corona wird durch das 
rezessive Gen cor bedingt. Cor cor-Samen haben schwach angedeutete 
Corona (Lamprecht, 1934). 
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Die Murgo schliesslich biidet einen breiten, farbigen Rand, eine 
sog. Bräme aussen rund um Corona bzw. Hilumrand. Die Abgrenzung 
der Margo gegen die Farbe der ubrigen Testa ist, zum Unterschied gegen 
die vorher genannten drei Abzeichen, nicht scharf sondern diffus (vgl. 



Fig. 1. Abhildung eiiier Bohiie, verscliiedeiie Elenicnle bzw. Zeichnungen der Testa 
veranschaulichend. Hi r.-_ liilum, Hir Hilumrand, Ca Caruncula, Cas =- Carun- 
culastrich, Mi =- Mikropyle, Ms ^ Mikropyleiistreifcn, Co Corona. 

Fig. 3). Die Ausbildung der Margo wird durch das rezessive Gen mar 
verursacht. Die Margo kann in ganz verscliiedenen Farben auftreten. 
Ivine Reihe von solchen Fallen liegen nunmehr cingehend genetisch 
analysiert vor (Lamprecht, 1933 und 1939). Es zeigte sich, dass die 



Fig. 2. Drei Samen der Te.siafarbe Geschwefclles Weiss. Liriker Same ohne Corona, 
CorCor, rechlcr Same mit starker Corona. corcor, mittlercr Same mit schwach an- 

gcdeutele Corona, Corcor. 

Margo nur bei Rezessivität im Gen J ausgebildct werden kann. Die 
Margo erscheint nämlich stets in der Testafarbe, die durch Umwand- 
lung von / in / erhållen wird. Speckweisse Samen, P G, bekommen 
also durch mar eine Margo in der P G J entsprechenden Farbe, d. i. 
Maisgelb; und Gleiches gilt in allen bisher studierlen Fallen. Das Gen 
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mar bedingt also nichts undcres, als lokale Umwandlung von Rezessivität 
in Dominanz, nämlich von j in /. 

Im folgenden werden zwei weiterc Abzeiclien der Testa hinsicht- 



Fig. 3. Same der Tcslafarbc Veilchenartig Weiss mit lioll Bister Hiluinraiid und 
Havannabrauner Bramc (Margo) um lelzleren. 

lich ihres Erbganges untersucht werden. Es sind dies dic vom Hilum- 
rand {lusgehende Punktierung und dic sog. Mikropylarpunkfe. 



Same mil puiiktierter Tesla, 
Formel: puncpunc. 


DIE VERERBUNG DER PUNKTIERUNG DER TESTA, 
llei Punktierung bcobachtef man auf der Samenschale zersireut 
liegende Punkte in dunklerer, aber im ubrigen älinlichcr Farbe wie die 

Testa. Ist z. B. die Testa Rhamnin- 
braun, so sind die Punkte l)kl. Hhain- 
ninbraun bis Mineralbraun. Die Form 
der Punkte ist eine unrcgelmässige. 
llire Verteilung auf der Testa gelit 
aus Fig. 4 hervor. Wie aus dieser 
ersichllich, liegen die Punkte in der 
Nähe des llilums dichter und auf 
der gegenäberliegenden Seite gewahrt 
man in der Regel nur ganz 
vereinzelte solche. Mitun- 
ter sind die Punkte iiber- 
liaupt nur in der Nähe des 
Hilums wahrzunehmen. 
Bei okulärer Besichtigung 
machen diese Punkte den 
Eindruck von kleinen 
(irubchen. Eine nähere 
Untersuchimg zeigt indes- 
sen, dass die Oberfläche 
keine Einsenkungen aufweist. Diese Erscheinung beruht zweifellos auf 
Lichtbrechung; denn ein Schnitt durch die Samenschale (vgl. Fig. 5) 



Fig. 5. Querschnitt durch die Testa eines punklier' 
ten Samens. Die Punkte repriisentieren sich hier 
als dunkler gefärbte Zelleninseln in der Paren- 
chymschicht. 
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zeigl, dass diese Punkte aiif farbige Zelleninseln in der liefer gelegenen 
Parenchymschicht der Samenschale zuruckzufiihren sind. 

Punktierle Samen wurden von mir zuerst auf einer Pflanze ange- 
Iroffen, die aus einer spontanen Kreuzung in der Sorte Flageolet Wachs 
stammle. Die Nachkomrnen dicscr Pflanze waren konstant und wurden 
als Linie 157 weitergefiihrt. Die Testafarbe dieser Samen ist Rliamnin- 
braun. Mehrere Kreuzungen, ausgefuhrt zwisclien dieser und nicht 
punktierten Linien zeigten, dass die Punklierung eine rezessive Eigen- 
schaft ist. 

Kreuzung Nr, 118 wurdc ausgefuhrt zwischen L. 157 und L. 27. 
Linie 27 stamint aus der französischen Wachsbohnc De Digoin. Ihrc 
Formel hinsichtlich Testafarbe ist P c J g b v r. Sie wurde mehrnials 
genetisch analysierl. Fj dieser Kreuzung zeigte, wie zii erwarlen, Hliani- 
ninbraune Samen. Der Farbe Rhamninbraun koinmt die Formel 
P c J G H V r zu. Von einer Punkticrung war auf diesen nichls wahr- 
zunehmen. 

Die zweite Generation zeigte hinsichtlich Punktierung folgende Auf- 
spallung: 570 ohne Punktierung : 196 mit Punktierung. Es Jiandelte 
sich offenbar um eine monohybride Spaltung. D/rn beträgt hierfiir 
0,3s, also sehr gute Ohereinslimmung mit den theorelisch erwarteten 
Spaltungszahlen anzeigeiid. Das fiir die Punktierung veraiitworiliche 
Gen belege icli, abgeleitel von der rezessiven Eigenschaft punktiert, mil 
dem Symbol punc (von punctaius), 

Hinsichtlich Testafarbgenen fand noch Spaltung in G : g und B : b 
statt. In diesen beiden sowie im Genpaar Punc — punc ergal)en sich 
zusanimen folgende bifaktorielle Spaltungen. 

Gefunden: 401 GB : 168 Gh : 139 g B : 58 g b 
Erwartel: 430,87 » : 143,62 » : 143,02 » : 47,8? » 

D/m fur 

9 ! 3 ! 3 I 1 —— — 2,17 -}- 2,20 — 0,43 — |— l,r>i 

Gefunden: 454 G Punc : 129 G punc : Mi) gPunc:i)l g punc 

Erwartel: 430,8? » : 143,62 » : 143,62 » : 47,87 » 

D/m fiir 

9 : 3 : 3 : 1 " “ -r 1,08 — l,:*» — 2,56 j- 2,86 

Gefunden: 393 B Punc : 147 B punc : 177 b Punc : 49 b punc 

Erwartel: 430,87 » : 143,02 » : 143,02 » : 47,8? 

D/in fiir 

9 : 3 : 3 : 1 nrz 2,76 


+ 0,31 


4 - 3,09 


-f 0,t7 
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Da die letzte Spaltung» in den (ienpaaren B — h und Punc — punc, 
grössere Abweichungen vom theoretisch erwarteten Verhältnis aufweist, 
werden noch die auf Grund der monohybriden Spaltungsverhältnisse 
zu erwartenden Werte mitgeteilt. 

Erwarlet: 402, i B Punc : B punc : 168,2 /> Punc : 56.8 b punc 

D/m — — 0,66 + 0,84 + 0,81 1,31 

Nun besteht befriedigende Obereinstimmung. Die drei Gene G, B und 
Punc sind also wahrscheinlich nicht mileinander gekoppelt. 

Mit Hinblick auf die durch das Gen mar bedingte lokale Umwand- 
lung von Rezessivität in Dominanz des Gens j (vgl. Einleitung) entsteht 
hier analog die Frage, ob das Gen punc selbst fiir eine bestimmte Fär- 
bung der in Frage stehenden Zelleninseln in der Parenchymschicht der 
Tesia verantwortlich ist, oder ob es dort nur die Wirkung gewisser 
Teslafarbgene auslöst. Sicher festgestellt ist, dass die Farbe der Zellen- 
inseln (mit Ausnahme von schwarzer Testa) stets eine dunklere ist als 
die den Pallisadenschicht. Im vorliegenden Fall ist die Pallisaden- 
schicht Rhamninbraun, P J G B, die der Zelleninseln (= Punkte) am 
nächstcn Mineralbraun, P C J GB, Es erscheint daher nicht unmöglich, 
dass das Gen punc in den Zelleninseln das Auftreten einer Farbe bedingt, 
die der genotypischen Konstitution der Testafarbe vermehrt durch die 
Wirkung von C entspricht. Dies wiirde bedeuten, dass bei Samen mit 
der Konstitution C die Farbe der Zelleninseln gleich der der Pallisaden 
sein sollte. Weitere Studien werden dies klarlegen. 

DIE VERERBUNG DES ABZEICHENS MIKROPYLARPUNKTE. 

Samen mit Mikropylarpunkten wurden von mir als Einmischung 
in einer in Ungarn vermehrlen Parlie von Flageolet Wachs gefunden. 
Sie zeigten die Testafarbe Blass Glaucescens, sollten demnach die geno- 
lypische Konstitution P c j g b V r besitzen. Dies konnte in Kreuzungs- 
versuchen auch beslätigt werden. Im ubrigen handelte es sich um eine 
ziemlich späte, niedrige Brechbohne. 

Die Mikropylarpunkte bilden kleine unregelmässige Fleckchen in 
griinlich blaugrauer Farbe. Sie ist also sehr ähnlich der Testafarbe 
Blass Glaucescens, nur bedeutend dunkler. Eine anatomische Unter- 
suchung der Testa ergibt, dass die Mikropylarpunkte aus eben so ge- 
färbten Gruppen von Pailisadenzellen bestehen. Wie ihr Namen an- 
deulen soll, nehmen sie ihren Ausgang von der Mikropyle oder deren 
unmittelbaren Nähe, Ihre Verbreilung auf der Testa ist am besten aus 



297 


ZUR GENETIK VON PHASEOLUS VULGARIS. XVII — XVIII 


Fig, 6 ersichtlich. Von der Mikropyle gehen bogenförmig seitlich nach 
unten divergierend zwei Gruppen von Punkten aus. Die Grösse dieser 
Punktegruppen variiert ziemlich stark in verschiedenen Linien. Bei 
gewissen können sich die Punkte iiber den grösseren Teil der Samen- 
seiteii erstrecken, bei anderen bilden sie nur je eine kleine Gruppe seit- 
lich der Mikropyle (vgl. Fig. 6 unten). 

Die nach der zuerst angetroffenen Pflanze mit Mikropylarpunkten 
gebaute Linie 98 zeigte die Punkte in 
mittlerer Verbreitung. Erst in Kreu- 
zungen sind dann Typen mit ver- 
schiedener Ausbreitung erhalten wor- 
den. Eine Kreuzung, Nr. 151, wurde 
ausgefuhrt zwischen L.98 und L. 147. 

Letztere, eine Wachsbohne, stammt 



aus meiner Kreuzung Nr. 12 und hat 
die genotypische Konstitution P c j g 
b V r; sie ist dcmiiach in allen Testa- 
farbgcnen rezessiv. Die auf Fi dieser 
Kreuzung erhaltenen Samen zeigten 
die gleiche Testafarbe wie L. 98, also 
auch Mikropylarpunkte. Anscheinend 
stellten also die Mikropylarpunkte 
eine dominante Eigcnschaft dar. Da 
die diesbeziigliche genotypische Kon- 
stitution des anderen Eltcrs, L. 147, 
indessen nicht sicher bekannt war. 



Fig. (>. Zwei Sanien mil dem Ab- 
zciclien Mikropylarpunkte auf der 
Testa. Beim obercii Sameii isl dieses 
Merkmal stark, beim imteren schwach 
ausgcbildet. 


konnte erst Fo hieraiif endgiillig antworteii. Folgende Spallung er- 
gab sich. 


Gefunden: 473 mit Mikropylarpunkten: 134 ohne Mikropylarpunkten 
Erwartet: 455,26 » : 151,75 » » 

D/m fur 3 : 1 = 1 , 66 . 


Die Eigcnschaft Mikropylarpunkte ist also dominant und zeigt 
monohybride Spaltung nach 3 : 1. Das hierftir verantworlliche Gen 
belege ich mit dem Symbol Mip, abgeleitet von der rezessiven Eigen- 
schaft Micropgle inpunctata (nicht punktierte Mikropyle). 

Linie 98 hat also die Formel P c j g h V r Mip, L. 147 P c j g b v r 
mip. Von Interesse ist nun, dass nicht nur Samen mit Testafarbe, im 
vorliegenden Fall Blass Glaucescens, sondern auch Reinweisse Samen 
ohne ein dominantes Testafarbgen, wohl aber mit dem (Jrund P, Mikro- 
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pylarpulikte hatten. I)ie Farbe dieser war dann nichl Griinlich Blaugrau 
^sondern Blass Gelblich, etwa der Testafarbe Geschwefeltes Weiss nahe- 
kommend. F^iir die beiden Genpaare V — v und Mip — mip hat sich 
ergeben: 

Gefunden: 358 V Mip: 90 V m/p: 115 v M/p : 44 v mip 

Erwartet: 341,44 » : 113,81 » : 113,81 » : 37,94 » 

D/m fiir 

9 : 3 : 3 : 1 4 l»3r> — 2,48 +0,i2 + 1,02 

Die gefundenen Spaltungszahlen zeigen befriedigende Gbereinstiminung 
mit den theorelisch erwarfeten. 

Weiter seien noch die Spaltungszalilen fiir das Genpaar Y — y 
(griine — gelbe Hiilsenfarbe) zusammcn mit Mip — mip imd V — v mit- 
geteilt. 


Gefunden: 

373 


M/p : 95 

y mip : 

: 100 ij Mip : 

39 

Erwartet: 

341,44 


» 113,81 

» 

: 113,81 » : 

: 37,94 

D/m fiir 







9 : 3 : 3 : 1 = 

f 2,58 


- 1,96 


- 1,44 

1 - 0,18 

Gefunden: 

349 ] 

r V 

M19 Yv 

: 99 

[/ V : 40 y v 


Erwartet: 

341,44 

)) 

: 113,81 » 

: 113,81 

» : 37,94 » 


D/m fiir 







9 : 3: 3 : 1 - . 

4- 0,82 


-1- 0,54 

— 1,54 

0,;j6 



Audi diese Zahlen zeigen befriedigende Cbereinstimmung mit den 
erwarteten Verhältnissen, weshalb die Gene Mip, Y und V wahrschein- 
lidi nidit miteinander gekoppelt sind. 

Schliesslidi sei erwähnt, dass audi die Mikropylarpunkte auf ver- 
sdiiedenen Testafarben in bestimmten, aber versdiiedenen Farben auf- 
Ireten. Audi hier könnte hinsichtlidi der Wirkung des Gens Mip Ana- 
loges gelten, was im vorigen Absdinitt fiir punc und friiher fiir mar 
angefiihrt worden ist. Das Gen Mip könnte in den Punkten, in den 
diesen cntspredienden Gruppen von Pallisadenzellen, die Wirkung eines 
Farbgens (z. B. C) auslösen, d. h. dieses dort von Rezessivität in Do- 
minanz verwandeln, und so zusammen mit der iibrigen genotypischen 
Konstitution fiir Testafarbe einen bestimmten Effekt hervorbringen. 
Hierbei muss auch auf eine eventuelle Beeinflussung der Farbenmodi- 
fikationsgene Vir, Och und Flav Rucksicht genommen werden. So 
könnte z. B. die griinlichblaugraue Farbe der Mikropylarpunkte von 
L. 98 der Formel P C j g b V r Vir entsprechen, Diese bedingt nämlich 
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Graugrunc Testafarbe. Audi iiier werden naturlich ersl Spezialsludieii 
klarcn Bescheid gebcn können. 


UBER DIE WIRKUNG DER GENE V UND Inh* 

Das (jeii V ist seit langem bekannt (vgl. Lamprecht, 1932 a und 
1935). Ks siad drei Allelen bekannt, nämlidi V, und v. Wahr- 
scheiiilich besteht noch ein viertes Allel (vgl. Lamprecht, 1936). Fiir 
die drei Allelen und v sind pleiotrope Effekte bekannt. Das Allel 

V' bedingt Bisdioffsviolette Blutenfarbe, Bote Stamnifarbe und zusam- 
inen mit dem Grundgen P und Gri allein die Testafarbe Blass (ilauce- 
scens. Zusammeii mit andereii Testafarbgenen vcrursacht V dunklere 
Farben in blaiien — violetten Tönen bis Reinsdiwarz. Das Allel 
bedingt die Bliitenfarbe Laeliafarbig und die Stamnifarbe Rosa. Auf die 
Testafarbe sdieint es keineii Einfluss zu besitzen. Bei Rezessivität in n 
sind die Bliiten Weiss, der Stamm rein Griin und die Testa (bei An- 
wesenheil anderer Farbgene) Reinweiss. 

Sehr charakterislisch fiir die Wirkung von V auf die Testafarben 
ist, dass die Wirkung dieses (iens beim Ausreifen und damit der Färbung 
der Samen stels zuletzt in Erscheinung tritt. Ein Beispiel möge dies 
illustrieren. Die Testafarbe Veilchenviolett liat die Formel P C J V. Der 
Formel P C J v entspricht die Testafarbe Schamois. Beim Ausreifen der 
Samen zeigen diesc mm stets zuerst die F^arbe Schamois, die dann 
sclimutzig Schamois wird, darauf hellvioletten Anflug bekommt und 
schliesslich dunkler bis zu Dunkel Veilchenviolett >vird. Wenn solche 
Samen nicht gut ausreifen, so kann aiich die endgultige Farbe ein 
schniutzig Braunviolett sein. Diese Hmwandlung der Testafarbe geht 
stets vom Hiiumrand aus und verbreitet sich allmählich iiber die ganze 
Samenschale. Am besten ist diese Farbe daher stets in der Nähe des 
Hilums ausgebildet. (ienau das Glciche gilt fiir alle Testafarben, die V 
in ihrer genotypischen Konstitution enthalten. 

Worauf beruht nun dieser durch das (ien V bedingte, erst beim 
Ausreifen eintretende Ausfärbungsprozess? Die anatomische Unter- 
suchung des Testaquerschnittes scheint hier Aufschluss gebenden Be- 
scheid zu liefern. Es zeigt sich, dass die Pallisadenzellen bei allen Testa- 
farben, ausgenommen mit V, gleichmässig gcfärbt erscheinen. Bei 
Samen der Formel P V enthalten diese Zellen einen griinlich blaugraueii 
Niederschlag in der Form von feinen Körnchen. Und dasselbe scheint 
fiir alle V in ihrer Formel enthaltenden Genotypen Gultigkeit zu haben. 
Ausgenommen hiervon sind naturlich sämtliche in den (irundgenen fur 
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Teslafarbe, P und Gri, Rezessiven, die iiberhaiipt keinen Farbstoff aus- 
bilden können. 

l)as Gen V verursacht demnach eine Fällungsreaktion, die erst bei 
gewisser Konzentration des Zellsaftes während des Ausreifens einzu- 
setzen beginnt. Dies erklärt auch, weshalb die Ausfärbung der Testa von 
V-Samen in höhem Grade von den zur Zeil des Ausreifens herrschen- 
den Umweltverhältnissen abhängig ist. Ausserdem durfte diese Er- 
scheinung auch von der iibrigen genotypischen Konstitution beeinflusst 
werden. So konnte ich schon lange beobachlen, dass gewisse V-Linien 
gewöhnlich typische dunkle Farbe zeigten, während andere niemals eine 
solche erreichten, sondern meistens nur die entsprechende Farbe mit v 
in rezessiver Form und etwas Anflug in der erwarteten Farbe hatten. 
Besonders deutlich war dies hinsichtlich der Testafarben Graulich 
Indigo, PcJGBVy Dkl. Indigo, P c J g BV, Ageratumblau, P c J G bV, 
und Eisenhutviolett, P c J g b V. 

Die vorhin erwähnte Kreuzung Nr. 151 scheint diesbezuglich Auf- 
schluss zu geben. In dieser spaltelen, abgesehen von Y— g fiir grune — 
gelbe Hulsenfarbe, die beiden Genpaare V — v und Mip — mip. Das Vor- 
handensein von dominantem V konnte leicht stets an der Bliitenfarbe 
ermittelt werden. Mikropy lar punkte, Mip entsprechend, traten nun 

Blass Glaucescens mit Mikro- 
pylarpunkten: PVMip Inh. 

Heinweiss mil Mikropylar- 
punkten: PVMip inh. 

Hlass Glaucescens ohne Mik- 
ropylarpiinkte: P V mip Inh, 

Heinweiss ohne Mikropylar- 
punklc ; P V mip inh. 

Heinweiss mit Mikropylar- 
punkten: PvMip (Inh inh). 

Heinweiss ohne Mikropylar- 
punkte: Pvmip (Inh inh). 

Die Aufspaltung des Bastards PP Vv Mipmip Inhinh in F* von Kreuzung Nr. 15i. 
Vor den Farbenbezeichnungen steht die Anzabl gefundener Individuen, darunter die 
erwarlete Anzahl und in Klammern der Wert fiir D/m. 


F,: 

PP Vi> Mip- 
mip 
Inhinh 

Blass Glau- I\ 
cescens mit 
Mikropylar- 
punkten 


48 1^ 


36 Mip 


^2mip 


16 V 


\2Mip 
4 mip 


27 Inh 


9 inh 


9 Inh 


3 inh 


9 Inh 

3 inh 
3 Inh 

1 inh 


287 

256,08 

( 1 , 72 ) 

71 

85,34 

( 1 , 61 ) 

74 

85,34 

( 1 , 31 ) 

16 

28,45 

( 2 , 43 ) 

115 

113,81 

( 0 , 12 ) 

44 

37,94 

( 1 , 02 ) 
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sowohl auf V- wie auf p-Sainen auf. Im ersten Fall waren sie von 
griinlich-blaugrauer Farbe, im lelzteren von hellgelber. Die V-Pflanzen 
konnten aber uberdies noch in zwei Gruppen eingeteilt werden, eine 
mit der Testafarbe Blass (ilaucescens und eine mit Reinweisser Testa. 
Beide hatten die Mikropylarpunkte in gleicher Farbe ausgebildet. Das 
beigegebene Spaltungsschema zeigt die hierfur erhaltenen Zahlen. 

Wie ersichtlich wurde in dieser Kreuzung innerhalb der F-Pflanzen 
eine deutlich monoliybride Spaltung nach 3 mit Blass Glaucescens : 1 
Reinweiss gefiinden. Fur die letztere Gruppe ist also anzunehmen, dass 
die sonst beim Ausreifen der Samen durch V bedingte Ausfällung von 
griinlich-blaugrauen Körner im Zellsaft der Pallisadenzellen durch das 
Vorhandenscin eines rezessiven Gens verhindert worden ist. Das hier- 
fiir verantwortliche Gen will ich, abgeleitet von inhibeo = hemmen, mit 
dem Symbol Inh bezeichneii. Eine sichere Klassifikation in bezug atif 
dieses Gen wird allerdings nicht stels möglich sein. Nur in Kreuz ungen 
mit einigermasscn gleichzeitigem Ausreifen werden mit dem theoretisch 
erwarteten Verhältnis nahe ubereinstimmende Wertc erhältlich sein. Bei 
auch hinsichtlich Rcife/eit stärker spaltenden Kreuzungen wird die Spal- 
tung im Genpaar Inb — inh durch den ähnlich wirkenden Einfluss der 
Umweltverhältnisse die Grenzen verwischen. — Zu ermitteln vcrbleibl 
oh inb bei allen Testalarben mit V die Wirkung dieses Gens vollständig 
inhibiert oder nur stark abschwächt. Letzteres wurde wiederholt beol)- 
achlet, ohnc dass jedoch genetische Analysen aiisgefiihrt worden sind. 


SUMMARY* 

1. The inheritance of two new points of different colour on Ihc seed 
coat of Pbaseolus vulgaris is studied. 

2. One of these, the character dotting, is caused by coloured islands 
of cells in the parenchymal layer of the seed coat (Figs. 4 and 5). This 
character is singly recessive and corresponds to the new gene pair 
Punc — punc, 

3. The second character is the so-called micropyle points. The 
development of these coloured points always begin in the neighbourhood 
of the micropyle (see Fig. 6). Micropyle points are a dominant 
character, which correspond to the new gene pair Mip — mip (derived 
from micropyle inpunctata), 

4. The effect of the gene V, causing the seed coat colour Pale 
Glaucescens, has been closely studied. It may be mentioned that this 
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gene causes the precipitation of dark glaucescent fine grains in the 
pallisade cells, which form the epidermis. 

5. A new gene Inh (derived from inhibeo) has been found, which 
in ils recessive condition, inh, prevents the precipitation of glaucescent 
grains, caused by V. 

XVIII. Ober matte samenschale und ihre 

VERERBUNG. 

Nicht alle Farben der Samen von Phaseolus vulgaris zeigen gleich 
hohcn Glanz. So sind z. B. Farben ohne das dominante Gen J gewöhn- 



Fig. 7. Oben, links: bMächenansicht der Pallisadeiizelleii der matten Testa {aspasp), 
rechts: Längsschnitt durch dicselbcn. Man beachte die Kuppenbildung ani oberen 
(åusseren) Knde. Unten: Längsschnitt durch Pallisadenzellen der norinalen, glun- 
zenden Testa (ohne Kuppeiibildung). 

lich etwas bis deutlich weniger glänzend als solche mit J, Stark glänzend 
jst z. B. Rohseidengelb, P J, Schamois, P C J, Bister, P C J G usw. 
Weniger stark glänzend bis matt sind Veilchenartig Weiss, P B, Ambra- 
weiss, P C B usw. Die Struktur der äussersten Zellenschicht solcher 
mehr oder weniger glänzender Typen zeigt indessen kaum welche 
sicheren Unterschiede. Die Mattigkeit des im folgenden zu besprechen- 
den Typus ist von diesen stark verschieden, sowohl bei okulärer Be- 
trachtung wie bei anatomischer Untersuchung. 

Stark matte Samen wurden von mir aus dem Keniagebiet in Afrika 
erhalten. Kine Linie dieser mil schwarzer Teslafarbe wurde unter Nr. 61 
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weitergebaut. Die Oberfläche der Samen von L. (U erscheint typisch 
sammtartig matt. Bei etwa 2()-facher Lupeiivergrösscrung erscheint die 
Oberfläche deutlich chagriniert, also körnig. Eiu Schnitt durch die 
Testa gibt diesbeziiglich Bescheid uiid zeigt einen markanten Unterschied 
gegeniiber dem normalen glatten Typus. Wie Fig. 7 zeigt, sind die 
äusseren Enden der Pallisadenzellen durch eine Kuppe abgeschlossen. 
llierdurch wird sowohl die Körnelung der Oberfläche bedingt wie auch 
im Zusanirnenhang mil der dadurch verursachten ungleichen Reflexion 
des Lichtes das sammtartig matte Aussehen. Auch sind die Risse auf 
den Kuppen stärker zutagetretend als auf den sonst flachen Zellenenden. 

Mit Linic 61 wurden mehrere Kreuzungen ausgefiihrt. Zu Kr. 
Nr. 148 wurde als zweiter Elter Linie 147 verwendet, die nur in den 
beiden (Jrundgenen P und Gri dominant, in allen Testafarbgenen aber 
rezessiv ist. Die auf Fi erhaltenen Samen zeigten glatte Oberfläche, die 
Mattigkeit, die Rauheit der Testa scheint demnach ein rczessives Merk- 
mal darzustellen. In der zweiten (ieiicration wurden insgesamt 943 
Pflanzen iintersucht, die folgenderrnassen spalteten: 

Gefunden: 672 mil glatter Testa: 271 mit matler Testa 

Erwartet: 707,25 » » » : 235,75 » » » 

D/m fur 3 : 1 ti__ 2,65. 

Die tjbereinstimmung zwischen gefundenen und bei Monohybridie 
theoretisch erwartetem Spaltungsverhältnis ist keine gerade gute, aber 
zweifellos noch als monohybrid aufzufassen. Das fiir die Spaltung in 
glatte : matte (rauhe) Testa veran twortliche Genpaar belege ich mit den 
Symbolen Asp — asp, abgeleitet von der rczessiven Eigenschaft asper — 
rauh. 


SUMMARY. 

1. Seeds of Phaseolus viilgnris with a rough, lustreless surfacc were 
received from Kenya, Africa. 

2. The roughness of the sced coat is caused by elevations (like 
cupolas) of the ends of the pallisade cells, which form the epidermis 
(Fig. 1). 

3. The charaeter of roughness of the seed coat is singly recessive, 
corresponding to the gene pair Asp — asp (derived from asper — rough). 
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CYTOLOGY OF AGROPYRON JUNCEUM, 
A. REPENS AND THEIR SPONTANEOUS 

HYBRIDS 

BY C. OSTEKGREN 

INSTITUTE OF GENETICS, LUND, SWEDEN 


T he maicrial for this study was obtained from natural localilies 
in South Sweden. The root tips and anthers were fixed in chrome- 
acetic-formalin. The preparations were stained wilh gentian violet. 

Soniatic cytology. — Agropyron junceum (L.) P. B. was found 
lo have 2n = 28. Material from five localilies was studied. Counts 
were made on 9 plants, 7 determinations were exact (3 plates), and 2 
approximale. 

The chromosome number 2n = 28 was previously observed in this 
species by Peto (1930), Simonet (1934, 1935 a and b), Pardi (1937), 
and Simonet and (iuiNocHET (1938). It was found that A, junceum 
consists of two subspecies, an atlantic form with 2n = 28, and a 
Mediterranean form with 2n — 42 (Simonet, 1935 a and b; Pardi, 
1937; Simonet and (iumocHET, 1938). 

Simonet (1935b) observed two secondary constrictions in the 
somatic chromosome complement of the telraploid type. In 1934 he 
observed none, his material was then from another locality. Pardi 
(1937) observed none. 

The present wriler observed no secondary constrictions in most 
plates, biit in some one such constriction was observed, and in a few 
two. The observations differed in this respecl even between cells 
belonging to the same plant. 

It seems probable lo me that the contradictory sta temen ts as to 
the number of secondary constrictions are diie to the use of infcrior 
fixatives, and that their actual number may be greater than ever ob- 
served. It was pointcd out by Flovik (1938) that chromc-acetic- 
formalin fixatives are poorly suited for the study of chromosome mor- 
phology, although they are good for the determination of chromosome 
nurnbers (1. c. pp. 270 — 271, 278, and Figs. 6 — 7). 

As pointed out by Heitz (1931), there is a close relation between 
secondary constrictions and nucleoli. Although I am not convinced 
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that all secondary constrictions must be nucleolar organizers, and that 
all nucleoli are organized by constrictions, it is of interest in this con- 
nexion to determine the maximum number of nucleoli. In numerous 
nuclei in the tetrad cells two nucleoli were found. At interphase four 
nucleoli were clearly observed in a few cells. As the chromosomes are 
double al interphase il is not certain that this number really proves 
the existence of four nucleolar organizers in the gametic chromosome 
set. That there are at least two is rather certain, however. 

Agropyron repens (L.) P. B. (4 clones from 3 localities) was found 
to have 2n = 42. The deterniinations are approximate. There are no 
reasons, however, to believe that the plants are ancuploids. 

This chromosome number has been reported also by Stolze 
(1925), Mowery (1929), Peto (1929 and 1930), Avdulow (1931), 
SiMONET (1935 a) and Nielsen and Humphrey (1937). Peto (1930) 
found 2n = 35 in material from U.S.S.R. Avdulow found 2n == 28 
in a material which probably is also from U.S.S.R., as this author is a 
Russian. 

Hybrids between A, junceum and A. repens from five Swedish 
localities were found to have 2n==35. As there are apparent mor- 
phological differences between some plants collected in the same 
locality, the number of different clones with this number is 7 (4 deler* 
mined exactly and 3 approximately). A number of plants from 
Falsterbo (province of Skåne, South Sweden) had 2n==49. As they 
are morphologically very much alike, they no doubt belong to the same 
clone. All observations did not give exactly 49 chromosomes, but the 
variation may be ascribed to the difficulties of making exaet counts. 
These hybrids are then pentaploid and heptaploid, as the basic num- 
ber of the genus is 7. 

35 is the chromosome number to be expeeted in a hybrid between 
parents with 28 and 42 chromosomes. This chromosome number was 
found in the similar hybrids, A. junceum (L.) P. B. X A. littoreum 
(ScH.) Rouy (Simonet, 1934) and A. junceum (L.) P. B. X A. littorale 
(Host) Dum. (Simonet, 1935 a). The hybrid with 2n == 49 is supposed 
to contain two gametic chromosome sets from A. junceum and one 
from A. repens (14 + 14 + 21). (Origin diseussed below.) This chro- 
mosome number has been observed previously in Agropyron in the 
hybrid between A. repens (L.) P. B. (2n = 42) and A. campestre G. G. 
(2n — 56) (Simonet, 1935 a). 

The chromosomes of A. junceum seem to be largest, those of 
A. repens smallest, and those of the hybrids intermediate (Figs. 1 — 4 



CYTOLOGY OF AGROPYRON 


307 


and 5 — 6). It might be suggested that a liigher chromosome number 
causes a smaller chromosome size. Evidence against such an assump- 
tion is the fact that Pardi (1937) has found the chromosome size of 
the tetraploid and the hexaploid types of A. junceum to be the same 
(illustrated with drawings and photographs). The differences in my 



3 4 

Figs. 4. Soniatic iiietaphases. — Fig. 1. Agropijron junceum, 2n __ 28; Fig. 2, 
A. junceum X repens, 2n 35; Fig. 3, A. junceum X repens, 2n 49; 

Fig. 4, A , repens, 2ii nr. 42. — X 2500 

case are probably due to genotypic differences between the two species. 
(It is known that chromosome size may be genotypically controlled, 
e. g. Darlington, 1937, pp. 52—60.) 

Fertilitg, — 8 individuals of A, junceum were studied as to pollen 
ferlility. 4 of them had a percentage of good pollen of 90 — 100, 3 had 
80 — 90, and one 70 — 80. The one with 70 — 80 % had 107 bad grains 
in a total of 388 grains. Only one pollen test was made on each indi- 
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vidual. The tests were made with free pollen and not by crushing Ihe 
anthers. 3 individuals of A. repens were found to have 90 — 100' % 
good pollen. 

Seed fertility in A junceum was studied on spikes gathered from 
a natur al population. The Iwo lowermost flowers in each spikelet 
were studied. 50 flowers were sterile in a total of 147. Raunkiakr 
(1927, p. 344) found 54 % sterility in two hundred spikes of A, repens, 

Three of the pentaploid hybrids were studied as to pollen fertility. 
In more than 4000 pollen grains of these plants 3 morphologically good 
grains were found. The othcrs were quite empty and shrivelled. In 
the heptaploid hybrid 5 good grains were found in more than 1000. 
Similar results were obtained in other preparations of this hybrid, and 
in a preparation made of it in the preceding summer (1938) (grains 
not counted). The anthers of the hybrids do not dehisce. 

No seeds were found in 388 spikelets of the penlaploid hybrids, 
and in 1496 spikelets of the heptaploid hybrid, after open flowering. 

Meiosis in the ptire species. — First metaphasc in the pure spccies 
gives, when regular, 14„ in A, junceum and 21,, in A, repens (Figs. 
5 — 6). I have seen no previoiis statements as to meiosis in A. junceum, 
21„ were found in A repens by Stolze (1925), Mowery (1929), and 
Peto (1930). 

I also found some irregularities in the two species. Four indi- 
viduals of A. junceum were studied, and all of them were found to 
be heterozygous for at least one inversion. This was shown by the 
simultaneous occurrence at first anaphase of a chromosome bridge and 
a fragment (Fig. 10). In some cases bridges were observed wliich were 
not accompanied by fragmenls. They may have been caused by a 
delayed chiasma separation. The frequency of inversion bridges is 
rather low, being estimated a t 1 — 2 per cent approxiniately. 

Univalents were observed in all the four individuals. Al meta- 
phase they are distributed at random in the cell or lying al the periphery 
of the plate (Fig. 8). At anaphase they ofteii lag and divide (Fig. 9). 
The frequency of cells with univalents was estimated at 10 per cent 
approximately. 

Quadrivalents were observc^ii in three of the individuals. The 
reason why no quadrivalents were found in ihe fourth individual may 
be diic to the facl Ihat the material studied of this individual was rather 
small, or it may be due to constitutional differences. 

Seven individuals of A. repens were studied. Inversion bridges at 
first anaphase were found in none, but the material studied of this 
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Figs. 1 — 15. Meiosis in tlie pure species. — Figs. 5 — 8, first metaphases; Fig. 5, 
A. repens, 21i,; Figs. 6—8, A. junceam; Fig. 6, 14„; Fig. 7, 12, i + l,v; Fig. 8, 
13,, 4- 2,; Figs. 9 — 14, A. junceam; Figs. 9 — 10, first anaphase; Fig. 9, two dividing 
univalents; Fig. 10, a chromosome bridge and a fragment; Figs. 11 — 14, quadri- 
valents drawn from different first metaphases; Fig. 15, A. repens, second anaphase 
with chromosome bridge. — X 2200. 



310 


G. ÖSTERGREN 


stage was rather small. In acetocarmine preparations of two indi- 
viduals second anaphase bridges were observed. At the second division 
a bridge can scarcely be due to a delayed chiasma separation, and I can 
imagine no other cause than a dicentric chromalid, which may be the 
result of dyscentric hybridity. These bridges were not, however, ac- 
companied by clear fragments. 

Univalents were present in all the repens plants studied. Quadri- 
valents were plainly observed in two individiials, and probably in four 
others. 

It is not possible from these observations of quadrivalents in the 
two species to state wilh certainty whether they are caused by seg- 
mental interchange or autopolyploidy, which may be partial or com- 
plete. I feel indined, however, to ascribe their occurrencc to structural 
hybridity. 

Nor can it be said with certainty Ihat the inversion bridges are due 
lo structural hybridity in the usual sense. They may arise from 
occasional pairing between chromosomes belonging to different 
genomes in an allopolyploid, if these genomes differ by inversions. 
The univalents also may indicate structural hybridity, but Ihat, too, is 
not certain. 

Univalents and quadrivalents were found in the hexaploid species 
A, glauciim by Peto (1936). The quadrivalents in this species were 
supposed to be caused by segmental interchange (1. c. p. 205). In 
A. elongatnm (2n = 70) he observed many higher configuralions, even 
oetavalents. 

If A, junceum and A. repens are cross-fertilisers, which is probable. 
judging from their open flowering, the meiotic irregularities found in 
them might be conneeted with this mode of reproduetion. Structural 
hybridity seems to be rather comnion in cross-fertilising plants 
(MOntzing, 1939). 

Another faet which might have some influence in this relation is 
the pronounced vegetative propagation of the species in question. As 
pointed out by Darlington (1937, p. 271), the hybridity equilibrium in 
regard to inversions is highest in plants that are largely propagated by 
asexual means. 

For further details on structural hybridity in species and hybrids, 
see Darlington (1937) and MOntzing (1939). 

Meiosis in the hybrids, — Meiosis in four pentaploid hybrids was 
studied. The following frequencies of bivalents and univalents were 
fouiid. 
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Univalents 

Bivalents 

Niimber of cells 

9 

13 

3 

11 

12 

4 

13 

11 

5 

17 

9 

1 

Average ll,« 

11,« 

Tolal 13 


Five cells were studied iii oue iiidividual, and four cells in each 
of two others. Judgin^' from the appearance of numerous other cells, 
the amount of pairing was about Ihe same in them. This is also true 
of the fourth individual, ia which no cell was analysed. In accto- 
carmine preparations some possible trivalents were seen. — In one cell 
in an acetocarmine preparation tbere seenicd to be 35 imivalents dis- 
tribuied at random in the cell. The neighboiiring cells all showed an 
amount of pairing of the same order as that recorded in the table. 

At first anaphase Ihere of ten occurs chromosome bridges and frag- 
ments, and even more than one bridge in the same cell (Fig. 17). 
Undoubtedly this hybrid is heterozygous for some inversions. Tbere 
may have occurred more liridges in one of the individuals than in the 
otht^rs, but I caiinot say if the difference is certain. Bridges and frag- 
ments were observed al the second division too. Many univalents often 
lagged and divided a t first anaphase. Tn Fig. 18 there are three cells 
at second division. The small cell lias probably been formed by some 
univalents. This figure also shows lagging univalents. The tetrad 
cells often contained extra nuclei and chromatin fragments (Fig. 19). 
Thcse are probably formed by univalents and acentric fragments. 

Thus, it is evident that the hybrid studied is not only a numerical 
hybrid, but also a slructural one. The structural hybridi ty is indicated 
also by a reduced chiasma frequency in the pairing chromosomes. It 
could be seen at once that the proportion of rod-shaped bivalents is 
much higher in the hybrid than in its parents. The simultaneous 
occurrence of structural and numerical hybridity is probably the reason 
why the hybrid is so extremely sterile. 

Although the amount of pairing does not deviate very much from 
that expected on the assumption that the two species have two genomes 
in common, such a thing cannot, of course, be considered established 
by the present observations. The pairing might also be due chiefly to 
autosyndesis, or all the five genomes may be more or less homologous 
to each other. Assuming. however, that the genotype of the hybrid 
does not cause a reduced pairing (e. g. by special genes reducing 
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chiasma frequency), one conclusion can be drawn from the pairing 
found, viz. thal both the species are not completely autopolyploid. 
There are also other reasons indicating that A, junceum is not com- 
pletely autopolyploid (Östergren, 1940 b). 



Figs. 16 — 23. Meiosis in the hybrids. — Figs. 16 — 19, the pentaploid hybrid; Fig. 16, 
first melaphasc, 13i, 4- Qf, Fig. 17, first anaphase with bridges; Fig. 18, secoiid ana- 
phasc with lagging univalents, and an extra cell with a few chromosomes; Fig. 19, 
tetrad. — Figs. 20 — 23, the heptaploid hybrid; Fig. 20, first anaphase, see text; 
Fig. 21, a supposed second metaphase after a multipolar first division spindle; 
Fig. 22, second anaphase with chromatin bridges; Fig. 23, tetrad with an extra cell. 

— X 1400. 

According to Darlington (1937, p, 218), the pairing in the hybrid 
studied by Simonet (1934) is presumably similar to that of pentaploid 
Triticum and Nicotiana, four chromosome sets being associated as pairs 
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and one remaininf» chiefly unpaired. The amounl of pairing should 
then not differ verv much from that found in my pentaploid hybrids. 
Nothing is mentioned, however, in Simonet\s paper (1934) as to meiosis 
in his hybrid, and I do not know the reasons for J)arliN(;ton\s prc- 
siimptioii. 

If we ascribe A, junceiiin and A. repens the genome formulae 
and the fomiula of the heplaploid hybrid will 

be according to the assuniptions as to its coiistilution 

made above. If A. repens were a pronoiinced allopolyploid, and its 
chroinosomes were not homologous with those of A. junceum, the three 
chromosonie sets from repens would appear as 21 univalents. If 
A. repens is partly autopolyploid or its chromosomes inore or less 
homologous to those of A. junceum, Ihe number of univalents will be 
reduced by autosyndesis and the formation of trivalents (or other multi- 
valenis) with the chromosomes of A. junceum. 

Because of the high chromosonie number of tJie heplaploid hybrid 
no first melaphase configurations could be completely analysed. The 
number of univalents lying apart from the equatorial plate was counted 
in 77 cells and an average of 4 , bi was found. The lowesl number, 0, 
was found in 7 cases and the highest, 12, in one case. In 28 first 
anaphase cells ihe number of laggiiig univalents gave an average of 
3,93. It is evident that these numbers must be lower than the actual 
number of univalents. It does not seem very probable, however, that 
it amounts to 21. Thus it may be safely concluded that one or both 
of the factors mentioned above is at work. 

The iiumbiT of chroniatin bridges at first anaphase varied in 28 
cells from 0 to 3, with an average of l,i3 per cell. I1ie number of frag- 
ments varied in ihese cells from 0 to 7, with an average of 1,gs. Fig. 20 
shows an interesting case. There is one bridge of the common type, 
and two others, and these two are both attached to the same centro- 
mere. This centromere also carries two normal chromatid arms, as 
expected under such circumstances. This configuration has probably 
arisen from dyscentric hybridity in a trivalent. It may also have 
arisen from a bivalent, but then we should have expected the two 
bridges to lie more close together. This figure shows dividing uni- 
valenls and fragments too. 

(Uiromatin fragments are common also at interphase, second meta- 
phase, second anaphase and telophase and in ihe tetrads. At second 
anaphase, too, there are often chromatin bridges. The number of cells 
resulting from the first division is in most cases two, but some excep- 
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tions were found. Fig. 21 is interpreted as a second division af ter a 
^multipolar first division spindle. In thc lower left cell there are 6 chro- 
mosomes. The lower riglit cell is supposed to have been damaged. 

The number of cells in the tetrads is usually 4, but a few cases with 
5 were foiind. In Fig. 23 there are four chromosomes in a supposed 
anaphase position in the small cell, two in an iipper level and two in a 
lower one. This extra cell has probably been formed by two univalents. 

Discitssion. — If thc heptaploid hybrid contains two gametic chro- 
mosonie sets from 4. junceum and one from A, repens, as assumed 
above, it sliould be (»xpected to resemble 4. junceum more closely in 
morphology Ihan ttie penlaploid hybrids. This is also the case with 
respeci to many characters (ÖSTERGREN, 1940 a; it has for certain 
reasons been considered appropriate to treat the morphology of Ihese 
plants in a special paper). 

There are two ways in which this heptaploid hybrid may have 
ariscn. The first is the production of an unreduccd gamete in a penta- 
ploid hybrid and the ferlilisation of this gamete with a normal one 
from 4. junceum, There are numcrous cases known of non-reduclion 
in hybrids (see, e. g., the table by Darlington, 1937, p. 417). The 
second possibility is the production of an unreduced gamete in the pure 
species 4. junceum and the fertilisation of this with a normal one from 
4. repens, Unreduced gametes in pure species have been found in 
crosses between Phleum species by Nordenskiöt.d (1937). In a certain 
cross it was even found that the only gametes funetioning on the female 
sido were the unreduced and the doubly unreduced ones (1. c. pp. 306- ~ 
309). Theii the chromosome numbers of the gametes funetioning were 
more alike thaii they would have been if the reduced gametes had 
funetioned, MOntzing (1936) considers such cases to be due to the 
viability of a zygote being greater the more alike the chromosome num- 
bers are of the gametes giving rise to it. He also gives some other examples 
(1. c. pp. 326 — 334). Such a thing might have some influence in my 
case, too, as the difference between 28 and 21 is relatively smaller than 
that between 21 and 14. 

If 4. junceum can produce unreduced gametes, this faet might be 
<if interest in the diseussion of the origin of the hexaploid subspecies 
found by Simonet (1935 a and b). If such an unreduced gamete was 
fertilised by a normal one, the result would be just a hexaploid indi- 
vidual. It is suggested by Simonet and Guinochet (1938) that the 
hexaploid type might in some way have arisen from the tetraploid one, 
I believe, however, that the tetraploid type is an allopolyploid rather 
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than an autopolyploid. In such a case it could not at once give rise to a 
fertile and constant hexaploid race, but such a race might, of course, 
arise in later generations. 

The discovery that Ihc hybrid betwcen A, jiinceum and A. repens 
consists of two caryologically different types contribules to the ex- 
planation of the variation for which this hybrid is well-known. The 
variation is, however, caused by other circumstances as well (see 
Östergren, 1940 a). 


SUMMARY. 

Agropyroii jiwceum has 2n = 28, and Agropyron repens 2n — 42. 
as found also by previous workers. Seven spontaneous hybrids 
(from South Swcden) between A. junceum and A, repens were found 
to have 2n = 35, one hybrid had 2n = 49. The hybrids are highly 
sterile. Meiosis in the pure species was not always regular, in- 
version bridges, univalents, and quadrivalents were found. 13 firsl 
metaphases in the pentaploid hybrids gave an average of ll,r>„ t ll,8i. 
In the heptaploid hybrid the chromosomes of A. repens are supposed 
to pair autosyndetically or as trivalents with the janceum-chromo- 
somes, to some extent. Both hybrids are heterozygous for inversions. 
It is assuined that the heptaploid hybrid has arisen from the back-cross 
of a pentaploid hybrid with A, junceum or from the ferlilisation of an 
unreduced gamete of A, junceum with a normal one from A, repens. 
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NOTE ON THE SOMATIC CHROMOSOMES 
OF SOME COLCHICUM SPECIES 

BV ALBERT LEVAN 

CYTO-GENETIC LABORATORV, SVALÖF, SWEDEN 


D UE U) their iinmunity to colchicine and sensilivity to other 
Chemicals with a similar action as colchicine (Lev an, 1940), the 
chromosomes of Colchiciim must be considered to be of special cytolog- 
ical interesl. Since extremely few cytological data are published on 
Ihis genus, 1 shall in the present paper give a short account of a few 
observations made in connection with chromosome-physiological studies 
in Colchiciim. 

Colchicum has proved to be a rather difficult cytological material. 
Furlani (1904) gives the chromosome number of Colchicum autiimnale 
as n — 7, and Heimann-Winawer (1919) gives the number n = 10- 
12 for the same species. Both these numbers are probably erroneous. 
Miller (1930) wriles: »Although 5 species of Colchicum have been 
examined, no definite number can be given for any of them. The chro- 
mosomes would appear to be extremely adhesive, and hang tog(4her in 
chains from 2 to 5 . . . The diploid number so far obtained for Col- 
chicum is cerfainly more thaii 24, probably more than 32, and quite 
l)ossibly more than 40 , . . The adhesiveness seen in the chromosomes 
of the group Colchicae is present also in some of the other groups (of 
the Mclanthioideac section), although not to such an extent». Newton 
(in Tischler, 1931) gives n = 21 for the two species Colchicum au- 
iiimnale and Parkinsonii. SuTÖ in his list of Liliaceous chromosomes 
(1930) mentions Colchicum as having the Lilium-Narcissus type of its 
idiogram, i. e. all the chromosomes large and of about the same lenglh. 
I have not been able to find from where this erroneous description 
originates, since, as far as I ara aware, no piclures or detailed dcscrip- 
lions of Colchicum chromosomes have so far been pul)lishcd. 

In the present paper 10 Colchicum species are examined (Table 1). 
They were procured from the Botanical Gardens of Lund and Gopcn- 
hagen by the courtesy of Mr. A. TGrje and Dr. O. Hagerup. All of 
them belong to the Sectio Autumnales (Stefanoff, 1926), with the 
exception of montanum, the determination of which is not sure. The 
root tips were fixed in Navashin. In order to diminish the tendency 
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of adhesiveness of the chromosomes, the fixations were made under 
cold conditions (at about 0° C), and the plants were kept in a cold' 
greenhouse. The chromosomes were stained in gentian violet. The 
plants studied showed an abundancy of beautiful mitoses. Never* 
theless there was a risk of making erroneous csiimations of the chro- 
mosome numbers, since the large chromosomes very often had prominent 



Kig. 1. Soniatic metaphase plates of Colchicum species, a: Bivonae (2n = 36), 
b: autumnale (2n — 38), c; neapolitanum (2n 38), d: specioxum (2n = 38), e: byzant- 

iimm (2u = 40), f: giganteum (2n = 40), g: BornmuUeri (2n = 42), h: uariegatum 
(2n = 44), i: latifolium (2n = 54), j: montanum (2n = 54). — X 2400. 

colistrictions, diie io which a chromosome segment could easily be inter- 
preted as a free, small chromosome. The chromosome numbers given 
in Table 1 are probably correct, however, although in some forms of 
specioHum 39 were counted instead of 38 chromosomes, and in some 
plants of nutumnale the numbers 39 and 40 were counted. Possibly 
a ccrtain degree of autopolyploidy is present, which, as for instance in 
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Allium, might cause the origin of clones with a somewhat varylng 
somatic nuinber. The examination of nieiosis should seltle this qiiestion. 
It is certain, however, that the differences of the idiograms betwcen 
the species is not only of a numerical nature, but also a slructural. In 
most species, for instance, the largest chromosomes have medially 
located centromeres, while in some species (e. g. gignnteum) the largest 
chromosomes are clearly asymmetric. 

The appearance of the chromosomes of the differeni species is 
seen from Fig. t. The variation in size within each idiogram is verv 
prominent. 4- 6 chromosomes of each species are very long, up to 7 //. 
These chromosomes Inive ordinarily median cenlromeric constrielion. 
In certain species 2 of these chromosomes may be recognized by tlu* 


TABLE 1. The Colchieum species examined. 


Species 

2 11 

Pietured in 
Fig. 1 

Material procured 
from 

Bivonae Guss 

36 

la 

Copenhagen 

auliimnale 1. 

38 

1^ 

Lund, Copenhagen 

neapolilaniim Ten 

38 

\c 

Copenhagen 

speciosum Stev 

38 

1(1 

Lund, Copenhagen 

byzanliniim Ten 

40 

le ! 

Copenhagen 

giganteum hort 

40 

V 

Copenhagen 

Bornmiillevi Fueyn 

42 


Lund 

variegatiim L 

44 

Ih 

C.openhagen 

latifoUiim S. S 

54 

li 

Copenhagen 

montanum L 

54 

1/ : 

Copenhagen 


presence of a secondary constriction in about the middle of one arm 
(Fig. Id). A great many chromosomes of medium size are present. 
Their size varies continuously, and I have not made any attempt to 
classify them. Most of them are more or less medially inserted, but 
in most species some subterminally inserted chromosomes of th<* 
medium size-class oceur. In a few cases the shorter arm of these 
chromosomes is furnished with a satellite (Fig. 1 d). Among the small 
chromosomes there exist differences in size, tlie smallest are not longer 
than 0,6 — 0,8 thus only about one tenth of the longest chromosomes. 
Also among the small chromosomes the medially attached types pre- 
dominate, even if purely lerminally attached chromosomes seem to 
oceur at least among the smallest chromosomes, which are almost 
spherical at metaphase. In a couple of species one pair of the small 
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chromosomes has satellites (Fig. 1 h, g), The satellites are tiny and the 
altachment threads are long. 

The examples of idiograms of Colchicum species given above show 
that several chromosome numbers occur in Ihe genus. The numbers 
known so far cannot be arranged in any polyploid series, Neither does 
the chromosome morphology suggest simple polyploidy conditions. 
The type of idiogram agrees very closely with the conditions in certain 
other Liliaceous genera, where long, medium and very small chromo- 
somes are mixed in tlie same idiogram. The species dealt with in this 
paper represent only one of the 8 sections of the genus. Their idio- 
grams must be regarded as ralher dcrived. 11 is possible that the study 
of the other sections of the genus will reveal species with more primitive 
idiograms and in this manner furnish a clue as to the evolution of idio- 
grams within the genus Colchicum. Such a study is planned, parallel 
with a study of the reactivity behaviour to colchicine within the whole 
genus of Colchicum and neighbouring genera. 

Svalöf, January 13th, 1940. 


LITERATURE CITED* 

1. Furlani, .). 1904. Zur Einbryologie von Colchicum autumnalc L. - Oesterr. 

bol. Z. 54:318- 324, 373—379. 

2. Heimann-Winawkr, P. 1919. Beiträge zur EmbryoJogit* von Colchicum autum- 

nale L. -■ Diss. ZQrich, 05 p. 

;i. Levan, a. 1940. The oftecl of aceiiaphthene and colchicine on mitosis of 
AUium and Colchicum. - - Hereditas XXVT : 2C2 - 276. 

4. Miller, E. W. 1950. A prcUininary notc on liie cylology of the Melanthioidcae 

scctioii of the Liliaceae. Proc. Univ. Durhain Phil. Soc. 8:267 — 271. 

5. Stefanoff, b. 1926. Monographic der (iattuiig Colchicum L. — Sophia, 100 p. 
0. SiiTO, T. 1930. List of chromosome number and idiogram type.s in Liliaccac 

and Amaryllidaceae. — Jap. ,T. (ien. 12: 107—112, 157 — 162, 221 — 231. 

7. Tjschleu, g. 1931. Pflanzliche (^hroiiiosonien-Zahlen. — Tab. Biol. Per. 
1 : 109—226. 



CYTOLOGICAL STUDIES OF DIPLOID AND 
TRIPLOID POPULUS TREMULA AND OF 
CROSSES BETWEEN THEM 

BV HELGE JOHNSSON 

INSTITUTE FOR BREEDING FOREST TREES, SVALÖF, SWEDEN 


I. INTRODUCTION* 

^TT was stated by Blackburn and Harrison (1924) that the diploid 
X chroniosome number is 38 and the haploid number 19 in Populm 
tremula; these numbers were confirmed by Möntzing (1936) and 
Wettstein (1937). P, tremula has the chromosome number 2 X 19, 
in common with all other Populus species, about fifteen, the chromo- 
soine numbers of which are known (Blackburn and Harrison, 1924; 
Meurman, 1925; Wettstein, 1937; Peto, 1938). 

The only reported exception has been recorded by Blackburn and 
Harrison (1924), who consider P. balsamifera to be a tetraploid; 
Meurman found (1925), however, the chromosome number 2x=19 
for this species too. 

MCntzing (1936) has shown that a clone of Populus tremula with 
gigas properties detected by Nilsson-Ehle (1936) was triploid with 
2n == + 57. Two further clones from other localities in Sweden, having 
morphological features similar to the previously known triploid clone, 
were shown by Tometorp (1937) to be approximately triploid. The 
morphology of one of these clones is described by Blomquist (1937). 
In Cahada, Peto (1938) has reported the occurrence of triploid 
P. canescens and P. alba, Nilsson-Ehle (1938) has described the 
occurrence of a tetraploid seedling in the progeny of a cross 2x X 3x 
P. tremula, and some data concerning these crosses are given by 
Bergström (1940). 

In the present paper some results will be discussed, mainly con- 
cerning the meiotic behaviour of diploid and triploid P. tremula and 
the ferlility and chromosome numbers of the progeny of crosses be- 
tween diploids and triploids. The work is being carried out from a 
breeding point of view at the Institute for Breeding Forest Trees at 
Svalöf, Sweden. 

Heredita» XXV/. 21 
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II. MATERIAL AND METHODS* 

Tlie original material for the study of meiosis, as well as the 
crosses made, was collecled from wild populations in Sweden. These 
parental clones are in the main selected by Dr. N. Sylvén, Svalöf, and 
spread all over the country. In the case of triploids their dctection is 
due to reports of extremely large-leafed aspens made by several 
persons. 

In the winter cut twigs werc placed in greenhouses, fixations of 
pmc were made al the proper time, and crosses were performed accord- 
ing to the method described by Wettstein (1937). Pmc:s were pre- 
fixed in ('.arnoy for a short time and then fixed in diluted chrome- 
acelic-forinalin. Tlie seclkms were cut to a thickness of 14 and 
stained in gentian violet. In some cases the somatic chromosome num- 
l)er, too, was determined for the parent clones, and then in root tips 
from suckers, planted in pots, or — in the case of some females — in 
the carpels. 

Oii determining the 2n-nuniber of seedlings the plants were planted 
in pols, and root lips fixed in diluted chrome-acetic-formalin. Sections, 
10 ^ thick, were cut and stained in gentian violet. In this connection 
some observations made as to the most suitable time for fixation may be 
menlioiied briefly. Three series of fixations of the same plant material 
were made oii different days under different weather conditions. The 
fixations were performed every other hour of the 24 hours. It appeared 
that fixations made at noon in sunlight gave numerous divisions, but 
Ihe divisions were unclear without distinet metaphasc plates. On the 
other hand, fixations made in the early morning or on cold, rainy days 
yielded few divisions but with pronounced metaphase plates, more suit- 
able for counting. This result may be said to agree with the ob- 
servations of Kihaha that an artificial cooling of the plant before 
fixation gives shorter chromosomes, more evenly distributed in the 
plate. On account of this superior result of fixation early in the morning 
the whole of the present material was fixed at that time. 

In measuring the diameters of pollen grains a 40 objective and a 
7x eyepiece were used, one unit = 3,8 /t. In measuring the stomata 
lengths the same system was partly used, partly a 40 objective and å 
15x eyepiece, one unit = 2,4/^. The drawings were made with a camera 
lucida, using a 100 fluorite objective and a compensating 30x eyepiece, 
giving a magnification of X 6000, which is reduced to X 4100. The 
microphotographs were taken with a Zeiss »Standard» camera. 
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IIL TRIPLOID ASPEN* 

1. OCCURRENCE. 

Al present 9 different clones of trlploid aspen are known in Sweden. 
These clones are growin^» in the following different localities. 

1. Lillö, Skåne, South Sweden (Nilsson-Ehle, 1936; M6ntzing, 

1936) . 

2. Våle, Medelpad, Middle Sweden (Blomquist, 1937; Tometorp, 

1937) . 

3. Vittjärv, Norrbotten, North Sweden (Tometorp, 1937). 

4. Våle, Medelpad, Middle Sweden, in the neighbourhood of 2. 

5. Vittjärv, Norrbotten, North Sweden, in the neighbourhood of 3. 

6. Jansjö, Ångermanland, Middle Sweden. 

7. Iläggnäs, Västerbotten, North Sweden. 

8. Hosinedal, Västerbotten, North Sweden. 

9. Vänsjärv, Norrbotten, North Sweden. 

In most cases the 2n- as well as n-numbers have been deterinined, 
and the triploid behaviour is recorded by Crossing with diploid partners. 
In no cases, however, have the chromosonie numbers been ascertained 
to be exaelly 57, but may be assumed to be ±57; a difference of onc 
chroinosome may be possible but rather unlikely. In Fig. 18 a somatic 
plate with 57 chromosomes is drawn. 

2. CELL SIZE* 

The criteria adopted when searching for triploid aspens were 
extremely large leaves. MCntzing (1936), Tometorp (1937) and 
Bergström (1940) state that triploid aspens have longer stomata than 


TABLE 1. Size of the leaves, lengths of stomata and chroinosome 
number in wild P. tremula. 






Length 

s of 

t II e 

stomata 




1 

Leaves 

2n 

6,6— 

7.1- 

7,6- 

8,1 - 

8,6— 

9,1™ 

9,6 — 

10,1 — 

10,6-- 

11,1- 

Mean 

(M 

O 



7,0 

7,5 

8,0 

8,5 

9.Ö 

9,6 

10,0 

10,6 

n.o 

11,6 


d 

Z, 

Small 

38 


2 

4 

1 







7,7 0,13 

7 


— 

5 

38 

63 

19 







7,7 ±0,03 

125 

Large 

38 




1 

1 




1 

1 

9,5 ±0,98 

3 

» 

57 

1 



4 

9 

1 

1 




8,7 ±0,10 

15 


— 



4 

3 

7 

1 



i 


3,6 ± 0,13 

15 


diploid ones. In Table 1 the correlation between size of the leaves, 
length of stomata and chroinosome number are shown for the present 
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material, which also includes the triploids of Möntzing and Tometorp. 
In estimating the length of stomata, 50 stomata from each of three 
'Icaves from every tree were measured. One of the three leaves was 
extremely large, one medium and one small, hut all belonged to the 
larger leaves of the tree. The length of the stomata vary much within 
Ihe leaf; consequently the calculated mean, tabulated as characteristic 
of the tree, cannot be of greater accuracy. 1 unit is equal to 3,8 /i. It 
will be seen that all small-leafed trecs have short stomata and as far as 
known 2n = 38. The large-leafed trees have on an average larger 
stomata than the small-leafed ones, biit as regards the chromosome 
number the large-leafed trees with long stomata are diploids as well as 
triploids. Taking the length of stomata as a measure of cell size one 
must conclude that ihe size of the leaves depends on the size of the 
cells, The size of the cells in turn depends on chromosome number 
(triploids having larger cells than most diploids) and on of her pre- 
sumably hereditary factors not known (there are diploids having as 
large cells as the triploids and even larger). That there is a correlation 
between size of the leaves and stomata length (cell size) in the individual 
tree, too, is illustrated by the means of the stomata length of the re- 
spective large, medium and small leaves of all the 165 trees measured. 

Size of the leaves: large medium small 

Mean length of the stomata: 7,9o 7,88 7,79 units 

Thus the easily recognizable variation in leaf-size within the tree is 
associated with a variation in cell size, and in consequence the cell 
size is influenced by modifying factors, too, Thus the length of the 
stomata as a measure of cell size in aspen is of no higher value as an 
indicator of triploidy than the leaf-size per se, However, the leaf-size 
is of value in searching for triploid aspens as a means of eliminating 
non-triploid trees. For — in addition to the small number of small- 
leafed trees, which have been 2n-determined — a great number of such 
trees has been used in Crossing, and all of them have given perfectly 
uniform progenies; not a single one has given the variable offspring, 
characteristic of triploid parents. Thus it seems rather unlikely that 
small-leafed triploid aspens exist. 

3. POLLEN PROPERTIES. 

MCntzing (1936) and Tometorp (1937) have shown that triploid 
aspens have larger pollen grains and poorer pollen than diploid ones. 
Working with triploid P. alba and P. canescens and with diploid species 
and hybrids with meiotic disturbances, Peto (1938), however, arrived 
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at the conclusion that in his material no relation exists between either 
chromosome numbers or meiotic behaviour and size of the pollen grains 
and quality of the pollen. 

Data relating to the pollen size and quality of the present material 
are given in Tables 2 and 3. Table 2 shows the diameter of the pollen 
grains. Evcry measurenient comprises 100 pollen grains, 1 unit = 3,8 


TABLE 2. Size of the leaves, chromosome number and diameter of 
the pollen grains in wild P. tremula. 


Leaves 

2n 

- - 

Diameters of the pollen grains 

Menn 

No. of 

trees 

9.1- 

9.S 

9,6— 

10,0 

10,1— 

10,5 

10,6- 

11,0 

11,1— 

11,5 

11.6— 

12.0 

Small ... 

38 


4 

3 

6 



10,5 it 0,11 

13 

» 

— 

3 

18 

14 

4 

1 


0,9 zb 0,07 

40 

Large ... 

38 




1 


1 

10,8 

1 

» 

57 



2 

5 


1 1 

10,8 zb 0,13 


)) 

— 

1 

3 

I 

2 



9,8 ± 0,18 

8 


The small-leafed trees wilh unknown 2n-numbers may for very good 
reasons be considered as diploids. Then il is obvious that the triploid 
aspen has, on an average, larger pollen grains than the diploid one. 


TABLE 3. Size of the leaves, chromosome number and per cent good 
pollen in wild P. tremula. 


Leaves 

2n 


Percentage of good pollen 



Meafi 

:io 

35 

40 

45 

50 

55 

60 

G5 

70 

75 

80 

85 

90 

95 


Small ... 

38 



1 


1 

1 

1 

3 

5 

1 



2 

5 

74,0 zb 4,2 

» 

— 






1 


2 

3 

6 

.I 

5 

6 

8 

/b,5 -b 1,7 

Large ... 

38 




1 







1 



1 

87,5 

)> 

57 

1 1 



1 

1 

1 

1 


2 

2 





^8,8 zb 4,7 

» 

— 

1 

1 





1 




1 

3 

1 



75,8 zb 4,4 1 


The two populations, however, overlap each other. Consequently there 
is no possibility of ascertaining whelher the large-leafed trees with un- 
known 2n-numbers are diploid or triploid with the aid of the pollen 
diameter. MCntzing (1936) presents a bimodal curve for the pollen 
diameter of triploid aspens. In the present material no trace of such 
bimodality has been observed, bul occasionally bimodality may occur 
(see below and Fig. 13). Table 3 gives the quality of the pollen. Every 
estimate is as a rule based on about 200 pollen grains. However, there 
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is no Sharp boundary between »bad» and »good» pollen. — MCntzing 
^ Works, obviously for thal reason, with Ihree categories: »good», 
»dubious» and »bad» grains. — Owing to this fact the estimates must 
be considered to be rather uncertain. Furtherniore, the sampling error 
of each estimate must be high. There is a wide rangc of variation 
in percentage of good pollen among the trees of every category. Of 
coLirse this variation is parlly due to errors, but undoubtedly there is a 
significant variation, too. This variation niay be due to external or 
internal factors. On an average, however, the triploids have poorer 
pollen than the diploids. But as in the casc of the pollen grain diameter 
the variations overlap. 

The inferencc must be that the triploids have large pollen grains 
and poor pollen, but many diploids have as large pollen grains and as 
poor pollen as many triploids — at least when the estimates are based 
on only one or a few samples. 

However, the distinction between diploid and triploid pollen is 
somewhat more sharply defined, when both diameter and qiiality are 
considered togelher. Further, in the triploid pollen then^ is sometiines 
one or other elongated, sometiines constricled grain. Thus the pollen 
sample has a limited value in determining whelher an aspen is di- 
ploid or triploid. 

4. SEX. 

Of the reported nine triploid aspens four are pure males, three pure 
females and two the sex of which is unknown. Nothing is known about 
the sex determining mechanism of the diploid aspen. But assuming 
this to be the type of a monofactorial back-cross, we may for con- 
venience denote the one sex with XY and the opposite sex with XX, 
The triploid aspen must have originaled as a result of a fusion between 
one unreduced and one reduced gamete, as MIintzing ( 1936 ) points out. 
Then if^the unreduced gamete is of the XY-sex, the result must be one 
XXY-triploid. If, on the other hand, the unreduced gamete is of the 
XX-sex triploids of two conslitutions may be produced, viz. XXX and 
XXY. Thus we have two difterenl constitutinns of the triploids as far 
as sex determinators are concerned. If the frequency of unreduced 
gametes is the same in both sexes of the diploid, and the chance of 
surviving is the same for both male and female unreduced gametes, 
the numerical relation between the two triploid types should be 
3 XXY : 1 XXX. The XXX-type must be expected to be of one pure sex. 
The XXY-type may be of the same or the opposite sex or an intersex. 
Now we have pure males and pure females among the triploids, but no 



DIPLOID AND TRIPLOID POPULUS 


327 


intersexes. Thus one of the triploid sexes may be assumed to have the 
constitution XXX and the other XXY. This is in agreement with 
Warmke and Blakeslee's (1939) result on triploid Melandrium, i. e. 
3A + XXX individuals are feniales and 3A + XXY individuals are 
niales. However, one 3A + XXY-plant was actually an intersex. 

IV. MEIOSIS OF DIPLOID ASPEN- 

In their study of the meiosis of diploid aspen, Blackburn and 
Harrison (1924) point out that the chromosoines were unequal in size: 
»Nine small ones of more or less uniform size; nine others, larger than 
t hem, formed a graded series beginning with a member of just a little 
greater volume than the individual of the first group and ending with 
one more than four times its volume. Lastly there was a single chro- 
inosome . . . equailing in volume if not exceeding that of any two of 
the other eighteen». This description is. indeed, very slriking, especially 
the occurrence of one bivalent much bigger than the others (cf. 
MCntzing, 1936). In Fig. 1 a IM in polar view is drawn. showing this 
quite clearly. It is impossible to determine the bivalent condition of 
all bodies in polar view. In Fig. 9 a photograph of a IM is shown. 
Later on meiosis behaves quite schematically. Blackburn and 
Harrison (1924) assumo that there is a pair of heterochromosomes 
present in P. tremula, At any rate the differenco cannot be grcat be- 
tween the members of this pair, and as far as my experiences go, it 
will be exceedingly difficult to ascertain the presence of such a pair 
with but slighlly differentiated members in P, tremula, The bivalents 
are small and numcrous, in side view for the niost part intenscly 
crowded. The occurrence of occasional bivalents, asyminetrical in 
shape, may be due to chance. 

For some other Populus species heterochromosomes have been 
reported by Meurman (1925) and Blackburn (1929). Peto (1938), 
treating P, tremiiloides, heterochromosomes of which are reported 
(Erlanson and Hermann, according to Peto), stales, however, that 
»no definitely heteromorphic pair has been found consistently». 

Out of 16 clones, the meiosis of which has been studied, 12 behaved 
quite normally, but the remaining four showed a varying number of 
chromosome bodies in polar view of IM, ranging from 19 to as many 
as 31. Thus in Fig. 2 there are 20 quite clear »separate bodies», while 
in Fig. 3 there are 26. No doubt, these clones, too, have the exact 
diploid chromosome number. For at all events some lA and IIM plates 




Figs. 1 — 8. Meiosis with uruvalents in diploid P. tremula. — Fig. 1, IM with 19 
bivalents; Fig. 2, IM with 20 separate bodies, bivalcnts and univalents; Fig. 3, IM 
with 26 separate bodies, bivalents and univalents; Fig. 4, IM in side view, with 8 
bivalents and 22 univalents; Fig. 5, lA with lagging univalents in division; Fig. 6, lA 
in polar view (the two plates separately drawn) with 18 — 19 — 2 chromosomes; 
Fig. 7, IIM with lO—ltV— 3 chromosomes; Fig. 8, IIA with 19—18 : 19—18 : 2 chro- 
mosomes (the sister plates separately drawn). 
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have shown the sum of 38 chromosomes. In side view of IM, Fig. 4 
and photograph, Fig. 10, it is quite clear that only bivalents and uni- 
valents occiir (two of the univalents are evident ly the members of the 
large chromosome pair). Thus Fig. 2 should represent 18„ + 2, and 


TABLE 4. The frequency of univalents in some diploid aspens. 


Origin of 
the clones 

Number of separate bodies per pmc 

Mean 

% 

good 

pollen 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Östergötland 

1 

5 

5 

2 

0 

1 








20,9 

70,0 

Uppland 

6 

2 

4 

1 

0 

0 

1 







20,4 

38,9 

Medelpad 

4 

2 

1 

0 

1 









20,0 

80,3 

Hälsingland | 

1 

2 

3 

3 


0 

2 

2 

1 

0 ! 

0 1 

0 

1 1 

23,2 

67,1 


Fig. 3 12„ + 14,. In Table 4 some figures are given, showing the degree 
of asyndcsis of the four clones. It will be seen that the frequency of 
univalents is especially high in the clone from Hälsingland. 

At IM the univalents are. distributed irregularly in the cell (Fig. 4 



Figs. 9 — 11. Meiosis in diploid P. tremula, — Fig. 9, IM in polar view wilh 19 
bivalents; Fig. 10, IM with univalents in side view; Fig. 11, lA in side view witli 

lagging univalents. 


and photograph, Fig. 10). Frequently some are situated in the pölar 
regions. At lA a larger or smaller number of bodies, certainly uni- 
valents, lag behind and divide or begin to divide (Fig. 5 and photograph, 
Fig. 11). Fig. 6 shows a lA in polar view (the plates are drawn 
separately). In one plate there are 18 chromosomes, in the other 19 
and another 2 are situated at one of the poles. This lA must have been 
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brought about by division of one univalent and may be interpreted as 
Ihe result of a IM wilh 17,| + 4|, one univalent of which has divided, 
and the halves passed to opposite nuclei, one univalent has been included 
undivided in the one nucleus, and the other two univalents have 
reinained undivided in the polar region outside the plate. These two 
univalents may or may not be included in a niicleus at interphase. In 
most cases the lagging bodies do not arrive at the poles before the firsl 
division is finished, and the cells enter the resting stage. Evidence of 
such an elimination is shown in Fig. 7 (a IIM) where two plates with 
19 and 16 chromosomes respectively are scen, and three more chromo- 
somes are situated between the nuclei and close to the inside of the 
cell Wall. Probably these chromosomes are undivided univalents, for 
the sum of the chromosomes is exactly 38. In Fig. 8 two chromosomes 
opposile to each other near the wall are situated apart from the plates. 
A univalent may have passed through the first division undivided, not 
being included in any of the nuclei and then passes through the sec- 
ond division separately. In this figure (the sister plates are drawn 
separately) one of the two pairs of plates at IIA has 19 and the other 
18 chromosomes. This faet may be understood if each of the daughter 
plates from first division has received 18 split chromosomes (from 
hivalents or univalents) and one univalent which has split later on. 

Thus, in Populus fremuln univalents divide or do not divide at 
first division. The split or unsplit univalents are included in inter- 
phase nuclei or are left outside them. At second division split chro- 
mosoines, included in a nucleus, pass to one of the two nuclei without 
further division. The split chromosomes, exeluded from the daughter 
nuclei at lA can finish the second division separately. Indications of 
asynaptic behaviour in diploid P. tremula were reported by MIjNTZING 
(1936). In Table 4 estimations of pollen quality are given for the 
asynaptic aspens. The mean percentage of good pollen of the other 
12 clones with quite regular meiosis was 79,9. Thus it is seen that the 
variation in pollen quality in diploid aspen can to some degree be 
attributed to meiotic disturbances. 

With regard to the occurrence of univalents in diploid aspen several 
causes may be taken in consideration. Structural hybridity seems very 
unlikely. In Sweden no other wild Populus species than P. tremula 
oceurs. That structural changes within the species should take place, 
involving so many chromosome pairs and without multiple associations, 
seems hardly plausible. Genes causing an omission of chiasma form- 
ation are known in several plants (maize, Beadle and Mc Clintock, 
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1928; Datum, Bergner et alii, 1934; Alopecurus, thc present writer, in 
press). The most probable cause, however, is to be sought in external 
influences. Straub (1937) has shown that changes in temperature at 
leptotene and pachytene in Gasteria trigona affect the chiasma form- 
ation and result in a varying numbcr of univalenls at IM. Pmc:s of 
examined aspens were fixed from twigs, which only a few days 
previously (in January and February) had been cut oiit-of-doors and 
transferred to a greenhouse. Probabiy pmc:s of some clones were at 
that very moment in a sensitive stage. Outdoor pmc:s pass through 
meiosis in early spring at low temperature. No doubt considerable 
changes in temperature may sometimes occur in nature at that time. 
Thus if the occurrence of univalents in aspen is connected with changes 
in temperature univalenls will also arisc in nature. On the other hand, 
an occurrence of univalents in high frequency wdll furnish special 
opportunities for the formation of unreduced gametes. Owing to the 
fact that triploid aspen is not especially rare, unreduced gametes must 
be regarded as fairly common in nature. 

V. MEIOSIS OF TRIPLOID ASPEN* 

A description of the course of meiosis in the triploid male aspen 
from Skåne has been given by MOntzing (1936). This author has 
established that IM of the triploids is characterized by a varying num- 
ber of trivalents and univalents in addition to bivalents, and that chro- 
mosomes are often lagging al lA and may then constilute a connection 
between the nuclei, which may give rise to unreduced gametes. Further, 
he has proved that irregularities may occur even at the second division. 
— The present writer has studied meiosis of the same triploid as 
MfiNTZlNG, and in addition the meiosis of two triploid male clones 
growing in Medelpad in the neighbourhood of each other and also the 
meiosis of a few available emc:s of the triploid female clone from Norr- 
botten. In all cases examined meiosis was of the same appearance as 
that described by MOntzing. On account of the small and rather 
numerous chromosomes it is impossible to give any detailed statistics 
with respecl to the frequency of trivalents, the amount of chromosome 
elimination, chromosome numbers of the first and second anaphase 
and so on. On the whole, the formation of inlcrphase nuclei and tetrads 
seems to proceed rather regularly and the resulting young pollen grains 
appear uniform in size, having one nucleus (pholograph, Fig. 12). 
However, most of the pollen grains contain chromatin bodies outside 
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the nucleus. These bodies are probably derived from lagging and 
eliminated chromosomes» which almost invariably can be seen in the 
first as well as in the second anaphase. The pollen nuclei must be 
presumed to have varying chromosome numbers. Infrequently a 
loculus in one or other stamen of a flower presents a quite different 
picture, as illustrated by the photograph, Fig. 13. In these cases the 
pollen grains are of very different size, some being normal-sized, some 
much larger. The large pollen grains may have onc, two, three or 
four nuclei. These facts make it clear that meiosis and the formation 
of cell walls are influehced by external or inlernal factors, affecting 



Figs. 12 — 13. Young pollen grains of triploid P, tremula. — Fig. 12, onc loculus 
with uniform grains of normal sizc; Fig. 13, one loculus with unequal-sizcd grains, 
mainly large grains with one, two or three nuelei. 

f)nly parts of a flower. No doubt, these large pollen grains with one or 
more nuclei have higher chromosome numbers than is usually Ihc case, 
and if they are capable of functioning they will give rise to offspring 
with more than the triploid chromosome number. 

VI. CROSSES BETWEEN DIPLOID AND TRIPLOID ASPEN. 

In the winter of 1938 a number of crosses between diploid and 
triploid aspen were made according to the method described by 
VVettstein (1937). As triploid parents the male triploid from Skåne 
and Medelpad, used by Bergström (1940), and the female triploid from 
Norrbotten were employed. As diploid parents clones from different 
localities in Sweden were selected, A total of 29 crosses yielded a 
varying number of offspring plants. 

Thé seedlings of these crosses show a very characteristic behaviour. 


TABLE 5. Chromosome numbers of the progeny of crosses between diploid and triploid P. tremula. 
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compared with seedlings from crosses between dipioid parents; Ihe 
Jatter are uniform in size and appearance (Fig. 14), the former varying 
in size, in the shape and thickness of their leaves and so on (Fig. 15). 



FiRs. 14—15. Seedlings of 1\ tremula, — Fig. 14, Progeny of n cross 2x - 2x aspen; 
Fig. 15, Progeny of a cross 2x — 3x aspen. 


2n 38 39 40 


Fig. 16. Diagram showing the experimental distribution of the 2n-numbers in 

crosses between dipioid and triploid P, tremula ( ) compared with the binomial 

distribution (— ). 
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The chromosome numbers have been determined without selection 
for as many plants as possible in the offspring, and thc result is shown 
in Table 5. These chromosome numbers, however, are not determined 
with absolute accuracy; the error is on an average + 1 chromosome. 
The reason for this is the great difficulty of making an accurate count 
of thc somatic chromosome numbers (cf. MCntzing, 1936 and Berg- 
ström, 1940) owing to the fact that practically in all plates thc very 
small chromosomes, at least at some point, are crowded, making a clear 
distinction impossible, or the median constriction of some chromosome 
may be long and uncoloured, so that this chromosome rnight have 
been counted as two. In the determination of a chromosome number 



17 


Figs. 17 — 19. Somatic plates of P. tremula. — Fig. 17, 2n . . ,‘18; Fig. 18, 2ii r_ 57; 

Fig. 19, 2n = 76. 

the three best plates were counted, and when the results have differed 
by one, two or occasionally more chromosomes the mean was taken. 
In Figs. 17 — 19 some somatic plates are drawn. 

One of the most striking features is that all chromosome numbers 
between 38 and 57 are represented (cf. Bergström, 1940). In general, 
in crosscs between diploids and triploids the intermediate chromosome 
numbers are very rare, if represented at all, in the progeny (Darling- 
TON, 1937; IJPCOTT and Philp, 1939). On the other hand, almost all 
offspring plants have the diploid or a slightly higher chromosome num- 
ber. That is true, even when the data of a large progeny are given 
(Belling and Blakeslee, 1922, on Datura). But recently Upcott and 
Philp (1939) were able to show that the progeny from 3x — 2x crosses 
in Tulipa had the intermediate 2n-numbers very well represented, and 
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the authors state: »These dala provide the only example of triploid- 
diploid progeny with chromosom« numbers evenly distributed between 
those of Iheir parenis». However, similar results have been previously 
reported, viz. between diploid and triploid apple. The data were 
recently summarized by Wanscher (1939). This case is according to 
Darungton (1937) a very special one and is considered by him to 
accord with the view he arrived at in other ways, that the x-number 17 
in Pyrus is a secondary one. 

The mean 2n-number for the whole material of 599 plants, ranging 
between 38 and 57, is 46,3 + 0,23. Different crosses have, of course, 
a somewhat different mean, but in view of the standard errors the 
differences are not significant, perhaps with the single exception of 
cross No. 203, which seems to have a significantly lower mean value 
than the olhers. 

Mather (1935) States that the odd chromosomes in triploid 
Triticum at meiosis are distributed at random and in consequence 
gametes must be produced with binomial frequencies with n-numbers 
ranging between x and 2x. Upcott and Philp (1939) have worked 
with the chromosome numbers of the pollen grains in Tiilipn and 
summarized the literature, and they show that this law seems to have a 

3x 

general application. The mean n-number of the pollen-grains is 


or slightly below, according to the elimination of chromosomes at 
meiosis. There are no reasons for believing that 3x-aspen behaves in 
a different manner. Consequently the progeny of crosses diploid — 

2x + 3x 


triploid aspen should have 


2 


i. e. 47,5 chromosomes on an 


average; in fact, the values is 46,3 + 0,2;^ or somewhat lower than ex- 
pected. This slight differencc may be infcrred as being due to chro- 
mosome elimination at meiosis or to the limited accuracy with which 
the chromosome numbers are determined, or to both facts in co- 
operation. However, anothef effect of a random distribution of the 
univalents at meiosis is that the 2n-numbers of the progeny must also 
be distributed in binomial frequencies. The binomial frequencies of 
599 variants are given in Table 5. No doubt, the calculated and the 
experimental values do not agree at all. This fact is further illustrated 
in the diagram, Fig. 16. In spite of the fact that all intermediate 2n- 
nunibers are realized and that the mean 2n-number is only slightly 
below the calculated, the distribution differs very much. The inter- 
mediate 2n-numbers, from 44 to 50, are deficient and the extremes, 
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38 — 43 and 51 — 57, are in excess. Especially the excess of 2n = 38 is 
very great, 99 plants or 16 % having this 2n-number. According to 
the law of chance only 1 plant in 524,288 should have had this 2n- 
number, i. e. very likely none of the present 599 plants. The percentage 
of 2n = 38 plants varies between different crosses within rather wide 
limits, being only 7,7 % for Cross 223 and 42,3 % for No. 203. 

The general explanation of the discrepances between calculated 
and experimental values in crosses of this type is that elimination of 
gametes or zygotes or both takes place (cf. Darlington, 1937). Prob- 
ably this is Iruc of the aspen crosses too. There are even some data 
indicating the course of this elimination. At meiosis a certain amount 
of chromosome elimination occurs; this may imply a tendency to 
decrease the 2n-nuinbers of the offspring. As shown in Table 3, the 
Iriploids have on an average only 58,8 + 4,7 % morphologically good 
pollen grains, varying between 30 and 75 % for different clones and 
even varying as iniich as 50 % within the same tree; this variation may 
be due partly to sampling errors, partly to real differences. Even 
within the diploid aspen the percentage of good pollen grains varies, 
but for the best trees it is almost 100 %, and on an average higher 
Ihan for the triploid. 

This must indicate a certain amount of gamete elimination 
occurring in the triploid niale aspen. This elimination may be calcul- 
ated at about 40 % of the pollen grains. 


TABLE 6. Nuniher of seeds per capsule and germination percentage 
in crosses 2x X 2x and 2x X 3x, 


2x — 9 

No. 

Seeds per capsule 

Germination ^ 

Niimber of crosses 

X2x 

X 3x 

X2x 

X3x 

X2x 

X3x 

3 

12,0 

6,0 

100 

62 

3 

1 

26 

10,1 

5,3 

94 

90 

3 

1 

47 

7.» 

3,7 

98 

98 

2 

1 

54 

8,5 

5,4 

95 

98 

6 

3 

100 

9,5 

6,1 

100 

90 j 

3 

1 

101 

12,2 

3,7 

78 1 

91 1 

1 

1 

Mean and total... 

9,. 

5,1 1 

1 94 

88 1 

18 

1 S 


In Table 6 the seed-setting per capsule and the germination per- 
centage of the seeds are given for crosses between the same mother 
trees and diploid and triploid males respectively. In estimating the 

Heredltas XX Vi, 22 
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numher of seeds per capsule the seeds of 10 mature capsules were 
counted under the stereomicroscope with a niagnification of 10 times, 
and the inean was calculated. The tabulated values are then the mean 
of all crosses with this mother tree; the number of crosses are given 
on the left side of the table. All six mother trees produced considerably 
fewer seeds in crosses with triploid iiiales than with diploid ones. The 
average values are 9,9 seeds for 2x — 2x crosses and 5,i seeds for 2x — 3x 
crosses. that is, an elimination of 52 %. Moreover, the seeds of the 
2x- 3x crosses did not in general germinale as well as the seeds of the 
2x — 2x crosses, the mean being 88 and 94 % respectively. The differ- 
ence is, however, not significant. The main cause of this lack of 
significance is probably the great sampling error, for the germination 
lests were made with 1 X 100 seeds only. — At any rate it may be 
stated that there is an elimination of at least 50 %. This elimination is 
probably entirely or to the greatesi extent an elimination of zygotes 
and embryos. That some ovules were not fertilized owing to insufficient 
pollen tube growth .seems to be unlikely; the pollination was performed 
with a brush and every stigma was powdered with a large amount of 
pollen grains. ~ - This fertility. reduced to about 50 %, must al any rate 
be regarded as surprisingly high. Upcott and Philp (1939; cf. 
Darlington, 1937) State that it is possible »to predict the fertility of a 
given 2x — 3x cross from the 2n-numbers of the parents». They argue 
that the majority of 2x — 3x offsprings are 2x-plants, and that the 
proportion of x-pollen grains depends upon x. In the case of aspen x 
is = 19, and only 1 pollen grain in 524,288 is haploid. (Umsequenlly, 
the fertility ought to be very low, but on the other hand the fertility 
is rather high, the reason being that the aspen is an exception to the 
law »that the majority of 2x — 3x offspring is 2x-plants». The variation 
in percentage of 2x-plants in different crosses may consequently be 
inferred as being due to different viability of descendants with inter- 
mediate 2n-numbers. Then a high percentage of 2x-plants should be 
conneeted with low fertility. Indeed, this percentage is high just in 
those crosses where the number of counted plants is small. The num- 
ber of 2n-determined plants, in turn, will be rather strongly correlated 
to the largeness of the progeny, i. e. to the fertility of the cross. 

In Table 7 seed-setting and quality for reciprocal crosses 3x — 2x 
are given. The average seed-setting is only 3,9 seeds per cap.sule, com- 
pared with 5,i for the 2x — 3x crosses; further, the germination per- 
centage is reduced to 58. It is not likely that the 3x females have fewer 
oviiles than the 2x ones, rather the contrary, for the triploid capsules 
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are larger Ihan the diploid ones. Then the reduced fertility has to be 
attributed lo elimination. This elimination must be the sum of gamete- 
and zygote-embryo-elimination. Assuming that the gamete- and 
zygote-eliminalion is of the same magnilude in 3x — 2x crosscs as in 
2x — 3x crosses it is possible to calculate an expected fertility for the 
3x — 2x crosses, based on the values of the 2x — 3x crosses. Slarling 
with 9,9 as the potential number of ovules, Iherc is at first 40 % gamete 
elimination. 5,94 ovules remain to be fertilized, 47,5 % of these are 
eliminated as zygoles or young embryos. The germination percentage 
was 88 %, i. e. a further elimination of 12 % takes place as an 
elimination of old embryos, and thus the final value will bc 2,75 young 
seedlings per capsule. The experimental value was 3,9 seeds per cap- 
sule, 58 % of which gerniinated, i. c. 2,26 seedlings per capsule. Thus 


TABLE 7. Number of seeds per capsule and germination percentage 

in crosses 3x X 2.r. 


:)x — 9 

Seeds per capsule 

Germination % 

Number of crosses 

No. 





X2x 

X2x 

X 2x 

67 

3,3 

65 

1 

56 

■1,4 

' 50 

7 

Mean and total i 

3,9 ; 

! 58 1 

8 


the experiment gave a somewhat lower value than that calculated, but 
this niay easily be due to the rather high error oceurring in the 
estimation of good pollen (58,8 + 4,7 %) and, of course, all the other 
values, too, have more or less sampling errors. Thus it seems that 
the gametic abortion is of about the same magnitude in both sexes of 
the triploid aspen and that the elimination of zggotes and embryos is 
of about the same magnitude in both the reciprocal crosses between 
diploid and triploid aspen, This result agrees with the Pyrus crosses 
(Nebel, 1933; cf. Wanscher, 1939), but is contrary to the bulk of 
diploid, triploid crosses (cf. Darlington, 1937), where the 3x — 2x 
direction yields a somewhat wider range of variation in 2n-number of 
the progeny than the 2x — 3x direction does. 

However, there is a striking difference between the germination 
percentage of reciprocal crosses. When the triploid is the male parent, 
the seeds germinate to 88 % , but when the triploid is the female part 
the germination percentage is only 58 %. This may indicate that the 
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elimination of embryös takes place iater in 3x — 2x crosses, the ovules 
having had tirae enough to develop so far as lo be counted as seeds 
))efore the embryos die. 

A further plant elimination occurred before the fixations were 
lUJide. The seeds were sown in boxes, alter about four weeks all seed- 
lings or some of them were transplanted into olher boxes — without 
seleclion — in order lo give more space to the plants. Afler another 
four-week-period Ihe plants were transplanted again, now to pots in 
order to produce root tips for fixation, and as many of these plants as 
yielded roots were fixed. In all these instanccs plant elimination 
occurred. In the boxes a large ainount of the seedlings died, mainly 
hecause of attacks by fungi, and later some plants died with or without 


TABLE 8. Plant elimination in of [spring of crosses 2x X Sx, 


Plant c a t e g o r i e s 

Number 

% 

Planted in pots, spring 1938 

2369 

100 

Fixed, sunimer 1938 

962 

40,6 

Counted 

617 

26,0 

Counted surviving, autumn 1939 

508 

21,4 i 

Non-flxcd + fixed bul non-counled, surviving, au- 
tuinn 1939 

669 

1 

1 

28,2 

Total surviving, autumn 1939 

1177 

49.7 i 


cxtcrnal symptoms. In Table 8 a survey is given of the plants planted 
in pols. Of the total of 2369 plants planted in pots only 962 or 40,6 % 
could be fixed, a small part of the remaining 59,4 % died before they 
had grown up sufficiently to be fixed; the greater part w'as alive, but 
grew so slowly that they did not produce any roots for fixations during 
the wholc sunimer. Of the fixed 962 plants only 617 could be 2n- 
deterrnined, the fixation of the rest did not give plales clear enough for 
counting. 

Several of these different types of elimination may be considered 
to be numerically selective, especially the gamete abortion and the 
zygotic and embryonic lethalily. Among the seedlings and young 
plants a certain degree of the elimination is probably numerically 
selective, another part of this elimination can be attributed to injuries 
due to transplanting and so on. In Tables 8 and 5 it will be seen that 
only 508 of the 617 plants counted survived the first winter, i. e. a loss 
of 17,7 %. The loss is 11, i + 0,3 % for the 2x-plants and 19, o + 0,i % 
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for the intermediate plants (Table 5) and thus the percentage of 2x- 
plants has increased from 16,5 to 17,8. It therefore seems to be true 
tliat in ngreement with the results of other such crosses, the non- 
binomial distribution of the 2n-numbers in progenies of diploid and tri- 
ploid crosses is due to a numerically selective elimination of gametes, 
zygotes and embryos, seedlings and young plants. 

The abo ve cited Pyrus crosses, with a large amount of intermediate 
2n-numbers in Iheir offspring, are considered by Moffett (1931; cf. 
Darlington, 1937) to show a higher viability of 17 + 7 gametes than 
of others. However, as pointed out by Dermen (1936; cf. Wanscher, 
1939), this view is wrong. Instead, the distribution agrees very nearly 
with the binomial distribution, which is to be expected if no nuinerical 
selection takes place. For example, only one occasional plant out of 
241 had the 2x-number. 

It is possible to divide the known cases of crosses between diploids 
and triploids into Ihree groups according to the 2n-numbers of the 
offspring. 

Group 1. The intermediate numbers are almost complctely lack- 
ing, at leasl in the direction 2x — 3x. The 3x — 2x direelion yields some 
inlermediates but in very reduced frequencies. The highest 2n-number 
for this group is 12 {Tiilipa, Datura, Sohumm). To this group bclongs 
the main part of all crosses between diphSids and triploids. 

Group 2. The intermediate numbers are well represented but in 
reduced frequencies. Reciprocal crosses give the same result. Only 
one case is known, Populus tremula, x== 19. 

Group S. The 2n-nuinbers of the offspring are present in binomial 
distribution between 2x and 3x. Reciprocal crosses give the same 
result. One known case only, Pyrus malus, x=17, 

The differences between these groups are, in faet, not qualitative 
but quantitative, consisling of a gradient viability of aneuploid plants. 
In trying to find a plausible explanalion of the higher viability of 
aneuploids in Oroups 2 and 3 a modification of 1)arlington\s view, 
concerning secondary polyploidy, may be attempted. Surely, the x- 
numbers 19 and 17 cannot be considered to be primary haploid num- 
bers, but rather tetraploid ones, which are modified by duplication or 
loss of one or other chromosome, as Darlington and Moffett (1930) 
have indicated for Malus and, of course, the primary genomes must be 
considered also to have been differentiated, structurally and genetically. 
Consequently the crosses belonging to Groups 2 and 3 are rather of a 
tetraploid, hexaploid type of crosses, contrary to the real (diploid, tri- 
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ploid) crosscs ol* Group 1. Therefore aneuploid n- and 2n-numbers 
oiPopulus nnd Mal US may imply smaller disturbances in tlie quanlitative 
balance and more likely comprise all necessary types of chromosomes 
or cliromosome structure tlian in the case of Group 1. Indeed, crosses 
between higher multiples in general show a higher fertility, greater fre- 
quency of intermediales, and beltcr vilalily of the aneuploids than crosses 
belween lower multiples (MCntzing, 1937). 

The difference between Popiilus and Malas may be more or less 
due to modifications. The progenies of Maliis werc raised under natural 
conditions by free or artificial pollinations. On account of the large 
seeds and seedlings it is easy to take good care of the offspring. The 
progenies of Popiilus, on the other hand, were raised from cut twigs. 
It is possible that this involves a greater demand on vigour for survival 
in both gametcs and zygotes as well as embryos than under natural con- 
ditions, giving rise to the death of a greater number of subvital gametes, 
zygotes and embryos. Kurlher, the seeds of Populiis are small and very 
sensitive, the »struggle for life» will be relatively more severe in the 
germination and growth of the seedlings of Populiis than those of 
Malus, However, there exisls the possibility that rcal differences be- 
tween Populiis- and il/o/u.s-crosses occur. 

In his report on ineiosis of the Iriploid Populus tremula, MttNTZiNG 
(1936) predicts the possibility of tetraploid individuals among the pro- 
geny of diploid, triploid crosses. The occurrence of a tetraploid plant 
in the progeny of a cross betwetm diploid and triploid aspen has also 
been reported by Nilsson-Ehle (1938; cf. BergstrGm, 1940). Ap- 
proximately tetraploids even occur in this material, as seen in Table 5. 
Out of the total of 617 counted plants 18, or 2,9 %, had ± 4x chromov- 
somes. The actual 2n-numbers have varied between ± 71 and + 79 
chromosomes, the exad tetraploid number being 76. For most of these 
plants Ihe 2n-number is certainly exactly 76 (Fig. 19). But it is quile 
possible that sonie plants deviate slightly from Ihe exact tetraploid 
number. That all these + 4x-plants have originated as a result of the 
formation of unrediiced gametes in the triploid parent is quite clear. 
The formation of unreduced gametes is also indicated by the studies of 
meiosis. That unreduced gametes need not necessarily have the exact 
somatic chromosome number has been pointed out by MOntzing (1937). 
All the 18 tetraploids were produced in crosses with the same triploid 
parent. But there are no reasons for assuming that the other two tri- 
plpids used are not capablc of producing tetraploids, too. These two 
triploids were used only to a small extent, as compared with the one pro- 
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clucing tetraploids, and only 3 out of 16 crosses with the la t ter produccd 
tetraploids. The frequency of + 4x-plants in the three crosses, having 
produced tetraploids, is very variable. In Cross 62 it is 1 letraploid 
out of 99 plants, in ('.ross 203 it is 4 out of 30, and in Ooss 200 it is 
13 out of 20 plants. Such a variable frequency from 0 to a high value 
is also to be expeeted in view of the observation that an occasional 
loculus of the stainens produced large pollen grains in a very high 
frequency when other loculi produced pollen grains of normal size 
exelusively. Therefore the number of tetraploids may be correlated 
to the amount of the pollen grains used, derived from such exceptional 
loculi. 

VII. STOMATA LENGTH AND PLANT HEIGHT OF THE 

PROGENY. 

1. STOMATA LENGTH* 

In Table 9 the stoiiiata lengths are given for the aneuploid off- 
spring of the 2x — 3x cross No. 257. The measuremenls were made at 


TABLE 9. Stomata-lengih and chromosomc number of the aneuploid 
offspring of Cross 257, 2x — 3x aspen. 


Chromosome 

1 number 

38 

39 

40 

" 

41 

42 

43 

44 

45 

46 

47 

48 

Length of stomata ... 

Chromosome 

number 

13,3 

12,0 

11,4 

51 

11,8 

52 

12,4 

[ 

1 

11,8 

54 

12,9 

! 

55 

13,4 

56 

12,6 

12,9 

13,3 

49 

j 50 

Mean 

Length of stomata... 

1 13,8 

13,2 

13,0 

11,0 

13,0 

1 

11.7 1 

12,3 ! 14,5 i 12,8 0,19 


the end of the second growing season. As a rule three plants of each 
2n-number were measured and the mean caleulated. In a few cases only 
two or even one plant was available for measurement. Of each plant 50 
stomata of one leaf were measured — onc unit being 2,3//^- As seen, there 
is no connection between stomata length and 2n-number. The regression 
of stomata lengths on 2n-nunibers, caleulated according to Fisher’s 
formula, is 0,n5 with p>(),9. The average stomata lengths of this 
aneuploid variation is 12,» Hr 0,i9 units. Table 10 gives, for comparison, 
the mean stomata lengths of two pure diploid crosses, the aneuploid 
cross No. 257 of Table 8 and of the 2x — 3x cross No. 200, distiiiguished 
by a large frequency of + 4x>plants. No doubt, in spite of the non* 
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existent regression of stomata lengths on 2n-numbers within the aneu- 
ploid progeny, the mean stomata length of this variation, having 
the mean 2n-number 47, is significatively higher than the mean 
stomata length of the two diploid crosses. Furthermore, the mean 
stomata length of the ± 4x-plants is higher than the comparable values 
of the diploids as well as of the aneuploids. Thus the fact that the 
2n-number is a factor influencing the stomata length (cell size), 
established by the trealment of diploids and triploids, also applies to 
aneuploids and tetraploids. And, as in the case of the diploids and 


TABLE 10. Stomata-length and chroinosome number for diploid, 
aneuploid and tetraploid aspen. 


Cross number 

301 

276 

2.)7 


200 


Chromosome number 

38 

38 ’ 

38—56 

38 

1 50 

■±4x 

Number of indivi- 
duals 

5 

23 j 

i 

49 j 

2 

1 

11 

Stomata-length .. 

11 »6 ib 0,10 

11,8 dh 0,15 1 

12,8 -J:: 0,19 1 

11,8^7 1,26 

13,0 

15,.i± 0,81 


triploids, olher factors also influencc the stomata length of aneuploids 
and tetraploids. This is especially marked in the aneuploids, within 
which there is no regression of stomata length on 2n-numbers. Another 
factor operating here may be the chromowsome components of a given 
2n-number. A certain 2n-number may be built up predominantly by 
small or by large chromosomes, and that may influence the cell size. 
Further, genes may be assumed to exist, which influence the cell size, 
and these genes will be ineluded in various ways with different com- 
binations of the chromosomes. 

2. PLANT HEIGHT* 

The vigour of the 2x — 3x offspring is very variable at the end of 
the second growing season. This variation is as great within as belween 
the 2n-numbers. On an average the plants are poor (cf. Bergström, 
1940). In Table 11 measurements of plant height are tabulated for 
each 2n-number. The standard errors are great in agreement with 
Ihe great variation in vigour among plants with the same 2n-number. 
The only conclusions to be drawn are that plants with 38 and 39 chro- 
mosomes are much taller than plants with any other 2n-numbers. The 
reason why the height of the 39-plants is so great is because some 
38-plants may also have been ineluded in this category owing to the 
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limited accuracy of the 2n-determinations. In general, plants having 
aneuploid 2n-nunibers are inferior in vigour to diploid plants, as dis- 
cussed by MCntzing (1937). One example quite comparable wilh the 
2x — 3x aspen offspring is given by MOntzing (1937) in the cross be- 
tween the diploid (2n— 14) Dactylis Aschersoniana and the triploid 
hybrid between this species and its tctraploid derivative D. ylomerata. 
In this cross one or a few plants of all intermediate 2n-nuinbers were 
realized. All the intermediate plants were much inferior in vigour as 
compared with the diploid D. Aschersoniana. 


TABLE 11 . Chroniosome numbers and plant heights af ter the second 
grolving season in offspring of crosses 2x X 3x P, tremula. 


Chromo- 

somc 

iiumber 

Mean height 

cm. 

Max. 

height 

cm. 

Number 

of 

plants 

Chromo- 

some 

number 

Mean height 

cm. 

Max. 

height 

cm. 

Number 

of 

plants 

38 

41,80 

± 

3,16 

139 

84 

50 

22,21 

± 

2,46 

70 

38 

39 

45,35 

i: 

5,77 

86 

17 

51 

25,88 

± 

2,86 

94 

40 

40 

23,33 

± 

2,31 

44 

15 

52 

24,67 

± 

2,.3 

55 

21 

41 

25,00 

é- 

4,02 

58 

15 

53 

33,65 

± 

3,99 

77 

23 

42 

28,00 

± 

4.41 

80 

16 

54 

24,54 

dr 

4,72 

61 

13 

43 

23,31 

di 

1,35 

66 

14 

55 

25,16 

± 

3,14 

89 

13 

44 

18,45 

d- 

3,02 

40 

11 

56 

32,83 

± 

9,23 

68 

6 

45 

23,33 

± 

3,41 

50 

15 

•'>7 

33,20 

±1 

[ 1,40 

71 

5 

46 

20,50 

zk 

2,20 

61 

16 

1 

• 






47 

24, u 

it 

2,47 

63 

22 

• 






48 

24,15 

dt 

2,04 

97 

39 

• 

1 





i 49 

17,37 


2,68 i 

54 

24 

±4x ... 

1 26,75 

± 

3,74 

57 

16 


A perhaps niore surprising result is that the ± 4x-plants do not 
seem to be superior to the aneuploids in plant height. Here, however, 
another factor is iiivolved. In Table 12 the niean plant heights of sonie 
progenies of pure diploid crosses are given. There are considerable 
differences in plant height of different crosses. The main source of 
these differences may be the occurrence of photoperiodic races within 
Populus tremula, which are very highly adapted lo the special light 
climate of thcir habitats (Sylvén, unpubl.). All progenies havé been 
cultivated at the institute at Svalöf, Skåne, South Sweden, at about 
55° 42' north latitude. Here the progenies of parents from North 
Sweden, as is the case of cross No. 204, develop very slowly. The 
same is to a high degree true of crosses between one Southern and one 
northern parent, as exemplified by cross No. 301. Only crosses between 
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Iwo Southern aspens grow normally, crosses Nos. 251 and 288. Wilh 
regard lo the aneuploids it has been shown (Table 5) that the dis- 
tribution of 2n-numbers is about the same for all crosses. Consequently, 
Southern, northern and Southern X northern crosses have contributed, 
on an average, equally to every 2n-number. Thiis the means are com- 
parable. But in the case of + 4x-plants, 15 out of 16 measured plants 
occasionally belong to the Crosses 200 and 203, both of which have the 
Iriploid male aspen from Lillö al about 55^ 42' north latitude as fathers, 
and as motlier parents two different diploid females from Vittjärv in 
Norrbotten at about 66° north latitude, not far from the aretie circle. 


TABLE 12. Plant-heights ajier ihe second growing season of of f spring 

of some 2x-crosses, 


c ross 

TI 11 m ber 



Combination 

Mean lieight 

cm. 

Max. height 

cm. 

Number of 
plants 

251 

Helgiuni X Skåne 

71,00 J:: 4,84 

125 

20 

276 

Västergötland X Skåne 

46,57 i: 3,20 

91 

42 

301 

Skåne X Medelpad 

33,67 ^ 2,70 

99 

45 

201 

Medelpad X Medelpad 

37,47 3,55 

6(» 

19 

204 

Norrbotten X Medelpad 

20,84 ih 2,39 

71 

44 

288 

P. alha (Skåne) X Skåne 
P, (Ma (Skåne) X Norr- 

86,00 i 8,90 

108 

18 

286 

botten 

42,47 dr 4,9» 

I 77 1 

19 j 


Consequenlly, the plant heiglit of the ± 4x -plants is not comparable 
with the corresponding values for ihe other 2n-numbers. Further, 
nothing can be said as to the absolute vigoiir of tetraploid aspen, owing 
lo the faet that the tetraploids, available at present, are not photo- 
periodically adapted to the actual light condition oceurring at Svalöf. 


VIIL SEX OF THE TETRAPLOIDS* 

Of course, il has not yet been possible to delermine the sex of the 
tetraploid seedlings produced. By means of grafting buds in the 
crow ns of old fruitful aspens il will, however, be possible to delermine 
the sex in the near future. In spite of this some conjeetures as to 
the possible sex may be justified. According to the assumptions, made 
in the diseussion of the sex of the triploids, the triploid male parents 
may have the conslitution XX Y. Then the diploid female must be XX. 
All the disciissed tetraploids have originated as a result of unreduced 





DIPLOID AND TRIPLOID POPULUS 


347 


Iriploid niale gametes, i. e. XXY-gameles. Therefore only one sort of 
tetraploids will result, viz. XXXY individuals. These may be males, 
females or intersexes. In Melandrium, Warmke and Blakeslee (1939) 
found the 4A + XXXY individuals to be pure male in 65 cases and 
intersexes in 3 cases. If, on tlie other liand, the triploid male is of the 
constitution XXX, the diploid feniale must be XY. Then the tetra- 
ploids will be of two constitutions, viz. XXXX and XXXY. Both these 
constitutions may phenotypically be males, or the one male and the 
other female or intersex. Thus if the two tetraploid constitutions XXXX 
and XXXY are phenotypically different, the sexes of the tetraploids - - 
in any case if tetraploids, derived from female unreduced gametes, 
are also available — will offer an opportunity to prove whether the 
male or the female represents the heterozygous sex in diploid P. tremula. 
If, on the conlrary, bolh the constitutions have the same phenotype, 
nothing caii be said about the sex determination. And if both con- 
stilutions are of the same sex or if one of them is a sexually non- 
functional intersex, il would be impossible for the tetraploids to main- 
lain themselvcs by sexual reproduction. However, a somatic doubling of 
the diploid heterozygous sex would give tetraploids of the constitution 
XXYY, which would probably be of the same sex as XY. Tetraploid 
aspcns originating by somatic doubling have been experimentally pro- 
duced by mcans of colchicine treatment of germinating seeds (unpubl.). 

IX. DISCUSSION^ 

The amenliferous planis are in general considered to be primitive 
and of ancient origin. S(ilicacea\ comprising Snlix and Populus, is the 
most primitive family. In this group the x-number is 19. Other mem- 
bers of Amentifera* have x-numbers 14 (Alnus, Beiula), 8 (Carpinm), 
12 {Fagiis, Qiiercus. Cnstanea), 16 (Juglans) (Tischler, 1926, 1931, 
1936, 1938). The x-number 19 in Populus and Salix cannot be con- 
sidered to be a primary one. In Pyrus the x-number 17 is considered 
to be derived from a primary x-niimber of 7. This conclusion is drawn 
mainly from the evidence of »secondary pairing» (Darlington and 
Moffett, 1930). Also in, other species secondary pairing has been 
used as evidence öL^g^iome coi^^P^^^^^y Darlington, 1937). In 
Populus anå Salix secondary pairii^g has never been reported. Moffett’s 
view that planis with 34 + 7 hi the progeny of crosses 

between diploid and triploid app^^s are more viable than other indi- 
viduals (Moffett, 1931) has been ^hown to be wrong by Dermen (1936; 
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cf. Wanscher, 1939). Bul in spite of this the assumption of a genome 
complexity affords a possibility of explaining the high viability of 
aneuploid äpples. In this respect Populiis tremula behaves inter- 
mediately between Pyrus malus and other species. Thus it seems as 
if the complex genome of Populus has losl almost all features of its 
origin, and on the wholc behaves as a primary one. The only evidence 
is the rather high viability of aneuploids. This may indicate a more 
ancient origin than that of Pyrus, in agreement with the view of most 
taxonomists, that Populus belongs to an old group of plants. Both 
Populus and Salix are dioecious. Helerochromosomes have bcen re- 
porlcd for several species, but at least as far as P. tremula is con- 
cerned this report is doubtful. Polyploidy has been of a very different 
imporlance in the two genera. In Salix polyploidy is common, diploid, 
tetraploid and hexaploid species are reporled (BLACKBURNandHARRisoN, 
1924). In Populus no polyploid species is known for certain. In spite 
of this, triploid clones of P. tremula are fairly common. In P. alha 
and P. canescens — prohably a hybrid between P. tremula and P. alha 
— triploids have been reported (Peto, 1938). These triploids have 
probably originated due to unreduced gametes (MCntzing, 1936; Peto, 
1938). The occurrence of extremely large — presumably unreduced — 
pollen grains by diploid Populus species has been found by Peto 
(1938). The triploids, too, produce »giant» pollen grains, as shown by 
MCntzing (1936) and Peto (1938). In artificial crossings between a 
diploid female and a triploid inale P. tremula about 3 % of the off- 
spring were found to be tetraploids. Thus there is a great possibility of 
intraspecific tetraploids arising in nature. Inlerspecific hybrids within 
Populus are common in nature (Houtzagers, 1937). One diploid 
hybrid has been shown to produce large pollen grains and one hybrid 
lo be a triploid, producing large pollen grains (Peto, 1938). For that 
reason there is a great possibility also of interspecific polyploids 
occurring in nature. Thus the lack of tetraploid and higher polyploid 
Populus species and races must be attributed to special factors. The 
fact may be that eventually arising tetraploids for some reason or other 
cannot survive ih the competition in nature. Another faclor well worth 
mentioning is the dioecy. Of course a single tetraploid, if purely 
dioecious, cannot maintain itself by scvual reproiftiction. The condition 
for this must be that two tetraploiis of opposile sexes aiw.e » tliv 
neighbourhood of each other. Sucl events may be statistically rare, 
but, no doubt, the natural populatkn has in the course of time been 
large enough to create them. And i\ the relaled genus Salix polyploidy 
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is common in spite of dioecy. Furlhermore, some Populm species — 
for instance, P. tremula — are capable of vegetative propagation in 
nature by means of suckers, and for that reason these species have an 
ability of migrating over large areas. Thus the questions concerning 
the absent natural polyploidy in Popuhis are at present impossible to 
answer. Further experiments may perliaps provide the clue. 

SUMMARY* 

1. Some new triploid Popiilus tremula clones in Sweden have been 
found. Altogether nine triploid clones are known. 

2. Data are given, showing the connection between leaf size, lengths 
of stomata and 2n-numbers. It is pointed out that large leaves are 
always correlated to long stomata, but not always to triploidy. 

3. The pollen properties of the triploids, compared with those of 
the diploids, have been investigated. The triploids have larger pollen 
grains and poorer pollen than the diploids, but the diploid and triploid 
variation overlaps. 

4. Among the triploids pure males and pure females exist. The 
type of sex determination is discussed. 

5. Meiosis of diploid inale aspens has been sludied. In general, 
diploid meiosis is quite regular. Four diploid clones out of sixteen have 
shown a varying frequency of univalents. The behaviour of the uni-^ 
valents is described. 

6. Meiosis in triploids follows the general course described by 
MOntzing (1936). Some further results are added. 

7. Crosses between diploid and triploid aspens have been produced 
in both directions, 

8. The 2n-numbers of 617 offspring plants are given. Intermediale 
2n-numbers between 2x and 3x are represented in a high frequency, 
but the distribution is not binomial. Reciprocal crosses give the same 
result. In the progeny 18 ± 4x-plants were found. The occurrence 
of tetraploids is attributed to the formation of unreduced gametes in 
the triploid pareni . 

9. The deviation of the progeny from the binomial distribution is 
attributed to numerically selective elimination. Ii has been shown that 
this elimination involves gametes, zygotes and embryos as well as seed- 
lings and young plants. The elimination of gametes as well as zygotes 
and embryos is approximately identical in reciprocal crosses. 

10. Medsurements of stomata and plant-height of the progeny are 
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given. No correlation between stomata-length and 2n-number within 
the 2x — 3x variatton was found, but on an average the aneuploids had 
longer stomata than the diploids. The tetraploids had longer stomata 
Ihan both aneuploids and diploids. Plant-height is very variable among 
the aneuploids. The aneuploids are poorer than the diploids. No con- 
clusions can be drawn as to the vigour of the tetraploids» because of the 
fact that photoperiodic races exist within P. tremula (Sylvén, unpubl.), 
and the tetraploids are occasionally produced by crosses which do not 
give progenies, adapted to the light cllmate of the experimental station. 

11. The possible sex of the tetraploids is discussed. 

12. The x-number and the lack of polyploidy within the genus 
Populus is discussed. 

Acknowledgments. — I wish to express my sincere gratitude to 
Professor H. Nilsson-Ehle, the initiator of this investigation, to Dr. 
N. Sylvén, the head of the institute, and to the staff of the laboratory 
and nurseries, without whose carcful labour this work would ha ve 
been impossible. Further, I ain indepted to Dr. Ä. (iuSTAFSSON for 
reading of the manuscript. 


LITERATURE CITED* 

J. Beadle, g. W. and Mc Clintock, B. 1928. A genic disturbance of meiosis in 
Zea mays, — Science LXVIII. 

2. Belling, J. and Blakeslee, A. F, 1922. The assortment of chromosomes in 

triploid Datura, — Amer. Nat. 56. 

3. Bergner, a. D., Cartledge, J. L. and Blakeslee, A. F. 1934. Chromosome 

behaviour due to a gene, which prevents mclaphase pairing in Datura. — 
Cytologia 6. 

4. Bergström, I. 1940. Oii the progeny of diploid X triploid Populus tremula. 

With special reference to the occurrence of tetraploidy. — Hereditas XXVI. 

5. Blackburn, k. b. and Harrison, J. N. 1924. A preliminary account of the 

chromosomes and chromosome behaviour in the Salicaceoe. — Ann. Bot. 
Vol. XXXVIII. 

6. Blomquist, S. GiSON. 1937, Ett fynd av jätteasp (Populus tremula gigas) i 

Medelpad. — Bot. Not. 

7. Darlington, c. D. 1937. Recent advances in cytology. 2nd ed. — London. 

8. Darlington, C. D. and Moffett, A. A. 1930. Primary and secondary chro- 

mosome balance in Pyrus. — Journ. of Gen. Vol. 22. 

9. Dermen, H. 1936. Fertilization in the Baldwin apple, a triploid variety. — 

Joum. of the Arnold Arboretum. Vol. 17. 

10. Fishbr, R. a. 1938. Statistical methods for research workers. 7th ed. — 
London. 



DIPLOID AND TRIPLOID POPULXJS 


351 


11. Houtzagers, g. 1937. Het geslacht Pofuilun in verband met zijn beteekenis^ 

voor de houttielt. — Wageningen. 

12. Mather, k. 1935. Chromosome behaviour in a triploid wheat hybrid. — 

Zschr. f. Zellf. u. mikr. Anat. 23. 

13. Meurman, o. 1925. The chromosome behaviour of some dioecious plants and 

their relatives with special rcference to the sex chromosomes. — Comm. 
Biol. Soc. Sci. Fenn. 2. 

14. Moffett, a. a. 1931. The chromosome constitution of the Pomoides. — 

Proc. of Roy. Soc. B. Vol. 108. 

15. MOntzing, a. 1936. The chromosomes of a giant Populus tremula, — Hereditas 

XXL 

16. — 1937. The effects of chromosomal variation in Dactylis. — Hereditas. 

XXIII. 

17. Nebel, b. R. 1933. Chromosome numbers in aneuploid apple seedlings. — 

N. York St. Agr. Exp. St. Bull. 109. 

18. Nilsson-Ehle, H. 1936. Ober eine in der Natur gefundene Gigasform von 

Populus tremula. — Hereditas XXL 

19. — 1938. Framställning av skogsträd med ökat kromosomtal och ökad virkes- 

produktion. — Svensk Papperstidning. 

20. Pkto, F. H. 1938. Cytology of poplar species and natural hybrids. — Can. 

Journ. Res. G. 16. 

21. Straub, J. 1937. Die Wirkung von Temperaturstözen auf die Reduktionstei- 

lung. — Ber. d. deutsch. bot. Ges. LV. 

22. Ti.‘<chler, g, 1926, 1931, 1935/36, 1938. Pflanzliche Chromo.somen-Zahlen. » 

Tabul® biologic® periodicae. Bd III, VII, XI/XII, XVI. 

23. Tometorp, g. 1937. llie chromosome numbers of two new giant Populus 

tremula. — Bot. Not. 

24. Upcott, M. and Philp, J. 1939. The genetic structure of Tulipa. IV. Balance, 

selection and ferlility. — Journ. of Gen. 38. 

25. Wanscher, J. H. 1939. Contribulion to the cytology and life history of apple 

and pear, — Den kong. Vet. og Landboh 0 j.skoles Aarsskrift 1939. Koben- 
havn. 

26. Warmke, H. E. and Blakeslee, A. F. 1939. Sex mechanism in polyploids of 

Melandrium. — Science 89. 

27. Wettstein, W. v. 1937. For.stpflanzliche Zuchtungsversuche besonders mit 

Populus. — Bot. Not, 


CONTENTS. 


L Introduction 321 

IL Material and methods 322 

IIL Triploid aspen 323 

1. Occurrence 323 

2. Cell size 323 

3. Pollen properties 324 

4. Sex 326 



HELGE JOHNSSON 


352 

IV. Meiosis of diploid aspcti 327 

V. Meiosis of triploid aspen 331 

' VI. Crosses between diploid and triploid aspen 332 

VII. Stomata length and plant hcight of the progcny 343 

1. Stomata length 343 

2. Plant height 344 

VIII. Sex of the tctraploids 346 

IX. Diseussion 347 

Summary 349 

Literature cited 350 



THE CYTOLOGY OF ALLIUM AMPLECTENS 
AND THE OCCURRENCE IN NATURE OF 
ITS ASYNAPSIS 

BV ALBERT LEVAN 

CYTO-(iENETIC LABORATORY, SVALÖF, SWKDEN 


INTRODUCTION- 

M ost of the AUmm Bspecies occurring in the Pacific Coasl region 
of North America are endeinic and closely related. They form a 
morphological type readily distinguishable from the Allium species of 
the Old World, which exhibit a decidedly greater diversity. The relative 
uniformity of the American Allium species is reflected in their chromo- 
some conditions: all West- American .species so far studied have the basic 
number 7, while the Eur-Asiatic species usually havc the mimber 8, 
although the numbers 7 and 9 are also found among Ihem. Un- 
fortunately the taxonomy of the genus Allium is not sufficiently known 
to allow any conclusions concerning any possible relationship of the 
American species to any certain group of Ihe Eur-Asiatic species. A 
.study along these^lines should give important resulls, among others. 
in phylogenetic and plant-geographical respects. 

In order to prepare the ground for a joint attack on the taxonomy, 
cytology and species formation of the genus Allium, 1 have for some 
years examined different small groups of species from a cytological 
and in certain cspecially favourable cases also phylogenetic view-point. 
Allium must be regarded as an ideal material for such studies. About 
300 species are distributed all over the northern hemisphere. They are * 
characterized by remarkably well-defined and constant cytological 
features. The idiograms of the species may be studied with an almost 
schematic clearness during the first microspore mitosis. Se ver al species 
may be recognized only by the appearance of their satellited chromo- 
some. And cytologically observable variation, both structural and 
numerical, very often gives the key to the type formation within related 
groups of taxonomic units. 

In the present paper I take up for examination a West-American 
species, Allium amplectem Torr. This species is of cspecially great 
interest because of a genetic abnormality of meiosis, present in certain 
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forms of the species. Such gene-controlled deviations from the normal 
course of meiosis are by no means rare in Allium. On several earlier 
occasions I directed attention to the formation of dyad pollen due to 
failure of the second meiotic division, an abnormality now and then 
found in most Allium species. In Allium amplectens, on the other 
hand, asynapsis leads to the complete failure of the first meiotic division, 
a State of things not previously encountered in Allium. 

The outlines of this asynapsis process have already been published 
(Lev AN, 1938). The process differs in certain fundamental respects 
from all cases of asynapsis previously described. Its main characteristic 
is its completeness, which is associated with great regularity in the 
asynaptic meiosis. In fact, the asynaptic meiosis takes place with 
fewer disturbances than meiosis in normal synaptic plants of the same 
species, which suffer from the usual disturbances due to autopoly- 
ploidy. The pollen formed after the asynaptic meiosis has a regular 
shape, dcviating from normal Allium pollen. This permits a rapid 
diagnosing of asynapsis even in dried material. On account of this 
very favourable condition, the investigation of the cytology of the 
species could be completed by a plant-geographical study. 

In the first part of this paper the cytology of normal and asynaptic 
Allium amplectens will be treated. The material of this part consists 
of a few forms of the species which I brought home from California. 
They turned out to include samples of both types of meiosis. The 
second part of the paper is based on herbarium material from differ- 
ent parts of the distribution area of the species. The asynapsis, studied 
in detail in the first part, can now be placed in its plant-geographical 
connexion. 

This investigation has been assisted in many ways by several 
institutions and persons, whom I wish to mention here, and at the same 
time express to them my sincere gratitude. My studies in California were 
made possible by grants from two Swedish institutions: Sverige — 
Amerika Stiftelsen, Stockholm, and Kungliga och Hvitfeldtska Stipen- 
dieinrättningen, Gothenburg. Drs. Jens Clausen and David D. Keck 
gave me the opportunity of collecting living material of Allium am- 
plectens during an excursion from Stanford University. Dr. G. Ledyard 
Stebbins Jr. procured living material, among others, of Allium ser- 
ratum, mentioned below. Miss Alice Eastwood, Drs. John T. Howell, 
David D. Kece, and Herbert L. Mason examined the distribution map 
of Allium amplectens and suggested important improvements. The 
Gurators of the herbaria of the University of California, Berkeley, 
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(^alifornia Academy of Science, San Francisco, and Stanford University 
lent me dried material of thc species. Dr. Carl W. Sharsmith, ('urator 
of the herbarium, State College of Washington, Pullman, and the 
Librarian, Bureau of Plant Industry, Department of Agriculture, 
Washington, D. C., helped me in various ways. Miss Anna Nord- 
strand, Ililleshög, has given me valuable technical assistance. 

I. CYTOLOGICAL STUDIES. 

1. MATERIAL AND METHODS. 

1'he material for the cytological study of Alliuni amplectens was 
eollected on an exoursion on the 13th May, 1937, in Santa Clara Coiinty, 
(.alilornia. Six different forms were eollected. They are listed below 
together with Dr. Keck's description of the localities: 

7043. (Keck No. 4531). Mt. Hamilton — San Antonio Valley road, 
at Isabel Oeek, just east of Crossing, in creeklet. Bulbs in nmd. No 
plaiits in neiglibouring slopes. 

7042. (Keck No. 4537). Arroyo Bayo, 5 miles east of Isabel (.reek, 
Mt. Hamilton range. In alluvial flats and in ereek bed. 

704S. (Keck No. 4540). Arroyo Bayo, 6,r miles south-east of Isabel 
Creek, in moist ereek bed. 

7040 — 705/. (Keck Nos. 4549 — 4551). Beauregard Creek, 14,2 
miles from Crossing of Isabel Oeek (31 miles Irom Livermore). In 
dry soil. 

Among these forms, 7043, 7049 and 7051 turned out to be asynaptic 
and triploid, while thc rest had normal meiosis and were tetraploid. 
Another normal tetraploid of ÅUium amplectens (my No. 657) was 
investigaled earlier (Levan, 1931). It had been procured from the 
Botanic Garden of C.openliagen. 

Since these forms of AUimn amplectens cytologically represent 
Iwo types, the normal and the asynaptic, no distinctioii will sub- 
sequently be made between the different forms within each type. I 
wish to point out, however, that numerous slides from different 
fixations have been studied of all forms. They all showed good agree- 
ment in their main cytological features. It may therefore be coneluded 
that the asynapsis is not due to modificative influences or mere chance 
occurrences. 

The general appearance of two of the investigated forms is seen 
in Fig. 1 b — c, which represent one triploid asynaptic form and one 
tetraploid normal form. Fig. 1 a is a related diploid species, Allium 
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serratum, collected in the same region as AUium amplectens, A close 
picture of the amplectens flowers is shown in Fig, 10. 

The cytological inethods employed are the same as those previously 
described (Le v an, 1932, 1936), viz. meiosis fixed in whole flower buds 
in Navashin or in smears in Bend a — Geitler, pollen fixed in smears 
in Bouin — Allen. The drawings were made with the aid of the follow- 
ing lens system: Zeiss apochromatic objective H 120 X 30 or in general 



Fig. 1 a: AlHum serrntum, b: AUium amplectens, triploid form, c: dillo, lelra- 

ploid form. 


views X 15, which on drawiiig gives a niagnification of 6500 and 3250 
times respectively. 


2. SOMATIC CHROMOSOMES. 

The basic number of AUium amplectens is 7, as already mentioned. 
Diploid forms with the somatic number 14 occur probably in nature 
(see Chapter II: 3), but no such forms were found among the living 
material available for cytological study. The forms cultivated by me 
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were triploids and tetraploids wilh the soiuatic niimbers 21 and 28 
respectively. 

All these forms agret* in their chromosome morphology. The 
chromosomes are all of one type, Iwo-armed with medially or sub- 
medially located centromeres (Fig. 7). Satellites are cntirely missing. 
And since even very small satellites are easily seen in the pollen mitoses 
of related species, for instance AUium serratnm (Fig. 9 a, />), it is highly 
probable that Alliiim amplectem is really devoid of satellites. The 
very peculiar nucleolar conditions present in AUium amplectem (cf. 
(Lhapter 1:6) are presuniahly connected with this absence of satel- 
lites. 

The chromosome size is very large» even compared with other 
AUium species. The longest chromosomes of the idiogram have during 
the pollen metaphase a length of up to 15 fi, while their hreadth in 
Ihe neighbourhood of the centromeric constriction is somewhat less 
than 1 fl. It has been previously shown (Levan, 1935 a) ainong other 
AUium species that mcmbers of the 7-series have on an average longer 
chromosomes than 8-chromosome species. While the average length 
of the former was estimated at 13 fi, the latter had a length of about 
9 fl, The chromosomes of AUium amplectem are exceeded in size 
only by another American species, viz. Allinm (Notlwscordum)fragram. 

MEIOSIS OF THE NORMAL TYPE. 

Meiosis of all the tetraploids investigated takes place without any 
deviations from the normal course of meiosis already studied in several 
autotetraploid AUium species. Thus il agrees completely with meiosis 
of the only other known tetraploid American species, AUium validum. 
All stages of meiosis could be studied with great clearness. Already al 
pachytene very evident quadrivalents were observed (Fig. 2 a — c). The 
pairing was very good, the unpaired threads frequently met with could 
often be seen to be due to exchanges of partners within the quadrivalents. 
Due to the large size of the chromosomes and chromomeres the differ- 
ences in shape and size of individual chromomeres could easily be 
demonstrated, in the same manner as Belling did (1928) in Lilium, 
It was found that the paired chromomeres of homologous threads were 
usually identical in shape. Very striking exceptions from this rule were 
not so seldom met with, however, and it was noticed that within regions 
where dissimilarities in appearance between the paired chromomeres 
were present, the pairing seemed to be loosened, loops of unpaired 
threads being formed. An instance of this is pictured in Fig. 2d, 
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Both the !>hape and number of cbromomeres within the pictured region 
are quite ditferent in the two threads. 

In diplotene normal chiasmata are seen (Flg 2 e — g), some 
obiasmata holding tlie chromosomes together into quadrivalents. Other 
quadrivalents separate, due to laclc of chiasmata, into 2 bivalents or one 



Fig 2 Moiosis of the noimal type u rf paih^tine, e~g diplolcnc, li — m meta 
phase I — X 3250 (cxcept rf, which is a tree hand drawing) 


trivalent and one univalent (as in Fig. 2 e and /). At diakinesis and 
metaphase 1 the chromosomes assume the typical meiotic appearance. 
It is now possible to analyse whole cells, and it may then be seen tliat 
one or two quadrivalents occur in almost every cell. In single cells all 
the chromosomes may remain associated into 7 quadrivalents. Fig. 
2 h — j shows a couple of the most common types of quadrivalents. 
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CJiains of four were commonest, and single rings and frying-pan quadri- 
valents occurred somewhat more rarely. The bivalents (Fig. 2 A' — m) 
might have 1 — 5 chiasmata, commonly 1 — 2. 

At the firsi anaphase very often a number of univalents were 
present. In one slide Ihe following frequency of univalents was 
counted: 


Number of univalents: 

0 

1 

2 

1 

3 ' 

i 

4 

Total 

1 

1 Med. 

i 

Number of cases: 

4 

7 

12 

1 6 

5 

34 

2.0 


The univalents always formed a secondary equatorial plate and were 
eventually divided in the first division. This causes a certain dis- 
lurbance of the first division, resulting in the formation of micronuclei 
in the interkinesis. The following number of micronuclei was deter- 
mined in one slide: 


Number of micronuclei: 

0 

1 

2 

3 

* 


Total 

Med. 

Number of cases: 

I 

' <5 i 

10 

14 

8 

4 

1 

43 

1.» 


These irregularities of meiosis give rise to a somewhat varying number 
of chromosomes in the pollen grains. 


4. MEIOSIS OF THE ASYNAPTIC TYPE. 

The zygotene pairing of the asynaptic type takes place absolutely 
normally in the manner previously described in synaptic triploid AUium 
species, e. g. AUium Schoenoprasum and carinatum. Probably 7 tri- 
valents are formed in most cells. Trivalents which I was able to analyse 
at pachytene usually had 2 pairing blocks (Fig. 3 a — d). 1 wish 

especially to emphasize that the chromomere paring within the fre- 
quently very clearly visible pachytene configurations was, as far as 
could be seen, of the same strong and intimate nature as is found in 
the synaptic types. Thus, it is impossible at this stage to distihguish 
the asynaptic type from normal types with complete pairing. 

Already at early diplotene, however, a striking difference from the 
normal type is observed. All points of crossings within the trivalents 
now turn out to consist of mere overiappings and no real chiasmata at 
all are found. It is evident that the formation of chiasmata has failed 
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in some way or other. That the three chromosomes of the trivalents 
are still placed together (Fig. 3 e — j) is due to tlieir relational spiralis- 




ation. Because of this il is often possible, even at late diplotene and 
diakinesis, to recognize the original pairing blocks (Fig. 3k, l). 

At the same time as the contraction of the chromosomes increases, 



ALLIUM AMPLEGTENS 


361 


the relational spirals uncoil and numerous free univalents begin to 
appear. Their position, however, indicates for a long time which chro- 
mosomes originate from the same trivalent. At diakinesis (Fig. 3 m — n, 
Fig. 4 o — c) the centromeric region of the chromosomcs niay be clearly 
discerned as a constriction medially located in aJl chromosomes. The 
chromosomes gradually acquire a more somatic metaphase appearance, 



Fig. 4. Meiosis ol* the usynaptic type, a —c: diakinesis, d: nieUiphase 1, e -i: the 
splitting of the metaphase I univalents, j — o: bivalenls of the asyiiaptie lype, seen 

in polar vicw. — X 3250. 

and when the nuclear meinbrane disappears they resemble ordinary 
root chromosomes, even if their contraction is somewhat stronger. The 
split between the daughtcr chromatids, which was quite apparent during 
diplotene and diakinesis, has by now become invisible (Fig. 4d). 

Here ceases, however, the resemblance to somatic chromosomes, 
in which, at this stage, the centromeres would very soon have divided. 
In the asynaptic metaphase, on the other hand, the centromeres 
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rt>main undividcd. The chromosomes are arranged with their ktngitudi- 
nal direction extended in the polar plane and proceed towards the 
oquator (Fig. 6 6). There is usually not space enough for all 2] uni- 
valents in one equatorial plate, so 4 or 5 chromosomes form accessory 
plates on ono or both sides of the equator. During this process the 
daughter chromatids begin to fall apart. Since the centromeres are 
still single, howover, oach chromosome assumes a more or less typical 
cross-shape (Fig. 4 e — i, Fig. 6 c). 



Fig 5. Mciosii, of the asynuptic type, n- <•: univalenls al inlcrkincsis. rf-/: second 
nietaphase, g— ii second anaphase — X 3250 

A groat iiumber of slides of this stage was examincd, and I then 
found that a chiasma could really bo formed now and then. The 
frequoiicy of these chiasmata varied and was always vory low. In most 
slides ono chiasma could bo found in some 600 cells, in other slides one 
chiasma in 100 cells and in one slido even 4 chiasmata in 100 cells 
These chiasmata gave riso to bivalents and in 2 observed cases to tri- 
valents. Considering the oxtremely low frequency of chiasmata it is 
impossiblo that a random distribution of chiasmata should bring about 
any formation of trivalents. The 2 chiasmata within the observed tri- 
valents must consoquontly be duo to the same cause, presumably a 
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change in the precocity conditions within the three chromosomes of 
the pachytene trivalent. 

The studied bivalents, some of which are pictured in Fig. 4 / — o, 
all had one chiasma each. This chiasma was in most cases wholly 
terminalised, but in a few cases an interstitial position of the chiasma 
was observed. In one case it was situated about half-ways out on the 
chromosome arms (Fig. 4 /). The fact that the chiasmata of the bi- 
valents were usually terminal suggests that the repulsion between the 
centromeres of the bivalents was of normal effect. Also the shape of 
the bivalents indicated the same thing: the portion of the bivalent lying 
between the chiasma and the centromeres was very often extended into 
a narrow thread (Fig. ék). 

This condition is perhaps somewhat surprising, since the orientation 
of the bivalents in relation to the poles was always quite different from 
the normal bivalent orientation. In no case were the centromeres of 
the bivalents observed to be co-orientated, on the contrary, they were 
always situated within the equatorial plate at the same level as the 
centromeres of the univalents. And it could happen that the arm 
connecting the two centromeres of the bivalent ran right through the 
whole plate. 

This condition has a certain significance for the understanding of 
the mechanics of the centromeres. EvMently it is not the chiasma 
formation per se that causes the characteristic orientation of the meiotic 
bivalents, rather it must be some quality within the centromeres them- 
selves. It may be concluded in accordance with Darlington (1937) 
that a polarisation of the centromeres brings about a predisposition to 
auto-orientation, while a lacking of polarisation causes co-orientation. 
And this polarisation has apparently npthing to do with the presence 
or absence of chiasmata. In the solitary bivalents of the asynaptic 
ineiosis the orientation is the same as that found earlier in the so-called 
somatic bivalents, originated by segmental interchange between differ- 
ent somatic chromosomes. The further bearing of this behaviour of 
the centromeres on the interpretation of the asynapsis of Alliam am- 
plectens will be discussed in the final chapter. 

After some time the chromosomes begin to exhibit a decreased 
stainability and an evident despiralisation, in fact, they begin to show 
lelophase characters. Sometimes it may appear as if the centromeres 
had divided, the daughter chromatids lying almost parallelly. This is, 
however, a false appearance due to the fact that the region of the chro- 
mosomes close to the centromeres loses its stain somewhat earlier 
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than the rest of the chromosomes. The subsequent stages show clearly 
that the centromeres reniain undivided all through interkinesis. The 
nuclear tnembrane begins to develop, sometimes separately around each 
chromosome, usually, however, around the whole chromosome group. 
The chromosomes of the periphery very often form nuclear lobes of their 
own, communicating with the large central part of the nucleus. The 
large single telophase nucleus formed in each pollen mother cell has at 
first a peculiar disciform shape, due to the fact that the chromosomes 



Fig. (i. Mciosis of Ihc asynaptic lypc, Ihc general oiitlines, a: pachytenc, b: meta* 
phaisc I, side view, c: a somewhat later stage of metaphasc I, polar view» d: intt*r- 
kinesis, e: metaphase II, /: anaphase II. — X 1400. 


were overtaken by the telophase, while the centrosomes were still 
keeping them strictly arranged on the equatorial plate. 

TIius a uninuclear interkinesis stage is formed with complete 
regularity (b ig. 6d), a kind of restitution nucleus containing the total 
of the first meiotic chromosome quantity. Even in these cases, where 
from the beginning numerous micronuclei were formed, they later on 
fuse into one single nucleus. And if in exceptional cases more than 
one interkinesis nucleus are maintained until the beginning of the 
homeotypic division, they will never form separate spindles in this 
division, they will instead be ineluded in the main spindle. 



ALLIUM AMPLECTENS 


365 


During the interkinesis stage a clear spiral structure of the chromo- 
somes may be seen (Fig. 5 a — c). When the nuclear membrane disappears 
at the onset of the second division, the centromeres are already from 
the beginning arranged in the equatorial plane, while the chromosome 
arms are folded towards the poles (Fig. 5d — i). The chromosomes 
now fill up the cell in quite a different manner from that at the first 
metaphase (Fig. 6e). 

Now the centromeres are finally divided and a normal anaphase 
starts (Fig. 6 /). This proceeds normaily and the result is pollen dyads 
with somatic chromosome number. The regularity of this meiosis type 
is proved very clearly by the conditions of the pollen described in delail 
in the next chapter. All investigated pollen grains ha ve exactly 21 
chromosomes. Thus, the asynaptic meiosis is a rather unique way in 
which a triploid species has succeeded in acquiring the ability of form- 
ing pollen grains with balanced chromosome conditions. 


5. THE MITOSIS OF THE POLLEN GRAIN. 

a. The normal type, — The pollen tetrads of the synaptic forms 
have the normal Allium appearance. The pollen grains are crescent 
in shape (Fig. 7 o, Fig. 8 o). As expected, 14 is the most conimon chro- 
mosome number of the pollen, but the number 13 is also found fairly 
often. In a couple of slides the following frequency of chromosome 
numbers was noted: 


1 " 

Number of cliromosoiiies: 

1 

12 

13 

14 

1 

'fotal 

1 

Med. 

Nfnnihpr of 

•i i 

11^ 

94 ' 

:< 1 

44 

fi 


b. The asynaptic type. — The asynaptic dyad pollen is semi- 
spherical in shape (Fig. 8 b) and resembles completcly the pollen grains 
originated by monokinetic meiosis (Levan, 1935 b, Fig. 46). The first 
mitosis of the asynaptic pollen grains occurs quite regularly. The 
chromosome number is 21 (Fig. 7 b). The spindle is asymmetric and 
at anaphase the larger anaphase group goes up distally into the pollen 
cupola, while the more condensed group is pressed towards the 
proximal, plane pollen wall. The former group forms the vegetative 
nucleus and the latter the generative nucleus. The asynaptic pollen 
shows the same germinating power on agar as normal pollen. The 
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division of the generative nucleus occurs in tbe pollen tubc about 24 
bours after tbe onset of germination. 

The constancy in chromosome number the asynaptic pöllen is 
tn iact rather remarkable. All 36 metaphase plates of one slide, the 
chromosome number of which could be determined with absolute 
certainly, contained exactly 21 chromosomes. This furnishes better 
than anything else a picture of the regularity with which the asynaptic 
meiosis takes place. In this respect Allium amplectens is different from 
previously described cases of asynapsis, where the si m ultaneous pre- 
sence of univalents and bivalents upsets the balance of meiosis. 

Among the asynaptic dyad pollen there is always a very low but 



Fig 7 Tlu‘ iirst pollen mitosis, a. normal Iclrad pollen (n_14), b. asynaptic 
dyad pollen (n =21), c: asynaptic monad pollen (ii _ 42), a, b metaphase, c. ana- 

phase — X 1200 


regular percentage of monad pollen. An idea ot ifs frequency may be 
had from the fact that in one slide (=5/2 anthers) 30 monads were 
present. The frequency is probably less than 1 Voo- The mode of origin 
of the monad pollen grains could not be direclly observed, owing to 
Iheir extreme rarity. I think, however, that there is little doubt that 
they originate by monokinetic meiosis, which is a very common process 
in Allium. In this case, where also the first division is omitted, it should 
perhaps niore appropriately be called akinetic meiosis. 

The monads are spherical in shape and their diameter is decidedly 
larger than In the dyad pollen. One monad pollen grain can be seen 
in the microphoto, Fig, 8 b, below the centre at about 7 o’clock. The 
increase in cell diameter is of interest. Evidently the planc, proximal 
pollen Wall of the dyads puts a limit to their further growth in size, 
whereas the spherical monads may continue growing still further. 
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The chromosome number of the monads has been directly counted 
only in a few cases. In a couple of anaphases, one of which is pictured 
in Fig, 7 c, there were 42 chromosomes present, i. e. the double somatic 
number. Ålthough those moments of asymmetry, due to the tetrad 
division, are absent in the monads, their pollen mitosis is markedly 
asymmetric. One anaphase group is spread out in the centre of the cell, 
developing into the vegetative nucleus, the other group is pressed against 
the wall into the flattened, lentiform, generative nucleus. The situation 



Fig. 8. Microphoto of pollen grains of a: normal type, b: asynaptic type. -- X 300. 

Micropholo Otto Mattsson. 


is exactly similar to that seen in the artificially produced monad pollen 
(Levan, 1939). The monad pollen, too, may be easily germinated 
on agar. 

It should be observed that the 21 -chromosome pollen grains of 
the asynaptic form all contain the same genic quantity as somatic cells. 
No genotypic variation oceurs between different pollen grains, a 
variation generally present elsewhere among the gametes of triploid 
forms. It is therefore possible here to* make a comparison between the 
purely modificative chromosome variation between different pollen 
grains and the variation due to genetic segregation. The genic var- 
iation is especially pronounced in plants which are hybrids between 
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lypes with different chromosome size, This condition is seen very 
plainly in the hybrid Ailiam Cepa X fistulosum, Other instances of 
this are recorded by Upcott (1939). She emphasizes that the differ- 
ence in size is due to a varying spiralisation »owing to the direct action 
of the individual genolype». It must be said, however, that even in 
the pollen of the asynaptic Allium amplectens there occurred a greater 
variation in chromosome contraction between different pollen grains 
than is generally seen in the root tissue of Allium, No doubt, however, 
the variation was soniewhat less than in the pollen of synaptic triploids 
and hybrids. 

6. THE NUCLEOLL 


Allium amplectens is, compared with most other Allium species, 
characterized by deviating niicleolar conditions. In most Allium species 



Fig. 9. Nucleolar conditiuiis of Ihe pollen grains, a— r: Allium serratum, f /: 

Allium amplectens, a: the si chromosome at metaphase, b: at anaphase, c d: 2 iii- 

stances of the nucleolar chromosome, e: vegetative resling iiucleus, /—A:: 6 nucleolar 

chromosomcs from one nucleus, l: vegetative resting nucleus. — a — d, f k: X 3250. 

c, l: X 1600. 

there is present one satellited chromosome (the »Si») in each genome, 
and the nucleolus is formed at the achromatic portion of this Sj. Thus 
diploid species usually develop two nucleoli in somatic cells and one 
nucleolus in the pollen. 

As mentioned above, no Si could be identified in Allium amplectens, 
and its nucleolar conditions are irregular. In recently divided somatic 
cells a great many nucleoli are formed. Systematic counts of the 
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nucleoli could not be made, since tlie conditions in somatic tissues are 
rather irregular and not so clear unless special slainings are used, but 
10 or 12 nucleoli in each cell are very of ten present. If the nuinber of 
nucleoli is great, they are tiny in size, if one or two decidedly larger 
nucleoli are present, the number of nucleoli is less. Tlnis it is clear 
that the nucleoli fuse. 

In the archesporium and in verv young pollen mother cells there 
are many nucleoli (about 4 — 10). But in the prophase stages of nieiosis, 
pachytene and diplotene, not more than one nucleolus is seen. It is not 
very large and cannot be the result of the fusion of niany nucleoli. It 
seems to be attached to the end of one paired pachytene chromosome. 

The nucleoli are more clearly obser vable during the pollen devel- 
opment. In the prophase of the first pollen mitosis several nucleoli per 
cell are present. In the different types the following numbers were 
counted: 


Number of nucleoli: 

■ 


i 


1 

(> 7 1 Total 

i : 

Med. 

Number 

Synaptic type: .. 

.! 1 1 11 

1 ' 

1 

18 

4 


- - j 34 

2,7 

of cnses 

Asynaptic type: .. 

-- j 1 

1 

K) , 

9 

() 2 35 

i 


Al late prophase it may be seen that the nucleoli are attached 
to individual chromosomes. In Fig. 9 / — k 6 such prophase chromo- 
somes from the same cell of the asynaptic type are reproduced. 

At late telophase of the pollen mitosis the nucleoli are present in 
great numbers. The following number was counted oii one occasion: 


Number of nucleoli: 

3 

4 

5 

() 

■ 1 i 

7 1 8 j 9 K) j Total 

1 ' : 

1 Med. 
Med. Ge- 
, nome 

1 

Number 

Synaptic type: ... 

5 

20 

8 

3 

1 1 1 i ! 

t-' 

i : 1 

4,3 

1 

2,1 

) 

of cascs 

Asynaptic type:... 

- 

1 — 

1 

5 1 12 , 9 4 2 33 

',2 

2.4 ; 


Thus it may be concluded that the development of the nuceloli in 
Allium amplectens is not associated with one determined chromosome 
of the genome. 6 chromosomes of the synaptic pollen and 10 or even 
more of the asynaptic pollen are capable of producing nucleoli. 
Calculated on the number of chromosomes present between 2 and 3 
chromosomes per basic genome may function as nucleolus carriers. 

HerediUtB XXVI. 24 
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As a comparison I shall briefly mention the nucleolar conditions 
of the pollen of the diploid Californian species Allium senatum. Its 
basic chromosome set is of the same morphological appearance as the 
amplectens genome apart from the important difference th»t Allium 
senatum has a typical s, chromosome (Fig. 9 a, b). In the prophases 



Fig. 10. Inflore!!ceiicc of Alttum amplectens showing the crests of the seed capsule.s. 

and resting nuclei of the pollen there occurs regularly only one nucleolus 
(Fig, 9 e). This is formed distally on one chromosome, probably the s, 
(Fig, 9 c — d). I have not, however, been able to recognize the satellite 
in this stage, hut its presence has been ascertained in several other 
Allium species, 

Between Allium amplectens and senatum there occurs a similar 
distinction to that Matsuuka (1938) observed between Ttillium and 
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Paris. In the former, satellites are lacking and the nucleoli may be formed 
on several chromosomes, in the latter case a typical satellited chromo- 
some is present and functions as the satellite organizer* In agreement 
with these findings Matsuura divides the nucleolar chromosomes into 
two main types: 1. the ordinary interstitial type, where the nucleolus 
is formed at the achromatic portion of the satcllited chromosomes, and 
2. the terminal type, where nucleoli may be formed at the end of several 
chromosomes. In this latter case certain chromosomes often prevail 
as nucleolar organizers and there is a kind of competition between the 
different organizers. If for some reason or other the satellite-carrying 
portion of the interstitial type is lost, a transition to the terminal type 
may be brought about. Instances of this were found by McClintock 
(1934) in Zea. Pollen grains lacking the nucleolus organizer of the 
chromosome 6 developed many small nucleoli. In other cases micro- 
nuclei devoid of the satellited chromosome have been seen to develop 
nucleoli. 

The »Ubiquität» of »SAT» chromosomes, argued by Resende 
(1937), must, it is true, be considered to be valid in most cases. Certain 
exceptions to the rule cannot, however, in my opinion, be denied. It 
seems impossible to assume that in Allium amplectens so many satel- 
lited chromosomes should have been overlooked as is indicated by the 
number of nucleoli. Especially in the pollen mitoses the chromosomes 
are so clear that even very small satellites should have been observed 
in some of the hundreds of metaphase plates which have been analysed. 
Thus it is very tempting to assume, in accordance with Matsuura, that 
the difference in nucleolar conditions between Allium amplectens and 
neighbouring species is due to the lacking of satellited chromosomes in 
Allium amplectens. 


11. HERBARIUM STUDIES* 

1. HISTORICAL SKETCH. 

In order to study the occurrence in nature of the asynaptic meiosis 
of Allium amplectens it was found necessary first to make a brief 
examination of the taxonomy of the species and to determine the 
geographical distribution of the species and of its main types. In 
the present chapter a short survey will be given of the taxonomical 
characters of the species as they have been described by different 
authors. 

The species Allium amplectens was described for the first time by 
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Tohrey (1856) on materiai from Sonoma County, California. The name 
amplectens denotes the condition of the spathal leaves: »spatha e brac- 
teis 2 orbiculatis concavis subacuminatis flores amplectentibus». This 
charactcr is especially evident in the few-flowered forms. Torrey also 
concludes his descriptioii as follows: »Easily distinguished by the small 
few-flowered umbei, which is almost enclosed in the coneave piirple 
braets^. 

Kellogg ( 1861) described anolher type under the name of Allium 
attenuifolium, which according to curreiil opinion belongs to am- 
plectens. Describing material from Mt. Shasta (Siskiyou C^ounty, C^ali- 
fornia), he emphazises the leaf charaeters of this form: »Leaves two, 
radical steni sheathing at the broad membranous base, striate and 
channelled below, closely canalieulate above, very narrow and slenderly 
attenuated toward the filiform apex; margins slightly seabrous». 
Kellogg's type is a stout maiiy-flowered plant: »Umbei globose, many- 
llowered (50 to 80 or more) >. He deteets the important charaeter of 
erests on the wall of the seed capsule: »(ierm, color lively, pinkish 
capsule, turbinate, sub-three angled or Ihree rounded cells, each cell 
slightly or obsoletely two-erested, central axis al the pistil depressed». 

Allium amplectens afterwards reappears in (iREY (1867) as Allium 
occidentale, while Wood (1868) partly retains the name amplectens 
with a verbatim quotation of ToHREy\s diagnosis, partly takes up an- 
other name, aeuminntum Hook. /? gracile, for amplectens material from 
Butte County, California. Regel (1875) who generally treats the 
American species somewhat suniniarily, places amplectens as a synonym 
of serratum Wats. 

(iREENE (1894), in liis »Manual of the Botany of the Region of San 
Francisco Bay», mentions Kellogg’s Allium attenuifolium and gives 
the important description of the strueture of the bulb scales: »Bulb- 
eoats white, with a delicate transversely sinuate or serrate retieulation, 
the vertical lines especially also minutely sinous». This charaeter is 
easily recognizable and distinguishes the species from related species. 
Jepson, in connection with Allium attenuifolium in Greene\s Flora, 
describes a new species, Allium monospermum, which is charaet- 
erised by »capsule (by abortion) 1-celled, 1-seeded». The type-locality 
is Vaca Mts. in Solano County, California. In his own »Flora of Cali- 
fornia», however, Jepson (1922) combines these two species under 
Allium amplectens Torr. Other modern Floras, for instance, Abrams 
(1923), Jepson (1925) and Munz (1935), agree rather well as lo the 
limitations of Allium amplectens. 
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From Ihe above facts will be seen that Alliunx amplectens is a rather 
multiform species. As the different collecHons began more completely 
to represent the different regions of its distribution, il became gradually 
possible to obtain a clearer insight as to what characters were ot 
taxonomic value and which varied from form to form. This will be 
seen very clearly from the following list, comprising some ol the 
taxonomic authors’ descriptions of the different organs of Allium 
(implectem. 

Biilb. — Torrey; large for the size of the plant; Kellogg: (about 
uttenuifolium) small, roundish, truncated; Greene: bulb-coats white; 
Jepson: bulb-coats commonly reddish; Munz: bulb^coats reddish to 
greyish. 

Scape, — Torrey: scapo flexuoso spithamaeo superne bifoliato; 
Kellogg: scape terete, solid, glaucous, smooth (minutely speckled); 
Greene: scape 10 — 18 in. leafy below. 

Leaves, — Torrey: foliis filiformibus, leaves scarcely a line wide, 
<»vertopping the scape; Kellogg: leaves two; Greene: leaves several, 
very long and slender; Abkams: leaves 2 — 4, shorter than the scape, 
narrow becoming convolute-filiform above the sheathing base. 

Spathe, — Torrey: e bracleis 2; Kellogg: bracts 3, oulermost 
larger, broad-ovate or oblong-ovate, short acuniinate, sessile, mem- 
branous, 4- to 9-nerved or more; Greene: bracts 2, short, abruptly 
pointed; Jepson: bracts 3; Abrams and Munz: bracts 2. 

Umbel. — Torrey: pauci (3 — 6) flora; Kellogg: many-flowered 
(50 — 80 or more); Jepson: (about monospermum) pedicels 50 — 80 (in 
liis floras 1922 and 1925) pedicels 25 — 35, umbel erect, usually dense; 
Abrams: umbel dense, almost capitate; Munz; pedicels 10 — 40, slender, 
5 — 12 mm long. 

Flower colour, — Kellogg: whitish (scarcely a pinkish tinge?), 
niidrib of the petals pinkisli; (iREENe: white; Jepson: (monospermum) 
pale-purplish, (1922, 1925) white or iiearly so; Abrams: white or tinged 
with pink. 

Perianth, — Torrey: sepalis oblongis obtusiusculis; Kellogg: 
petals ovoid-diamond-acute, slightly inflexed from the middle, the three 
inner a little narrower; Greene: oblong-lanceolate-acuminale segments, 
3 — 4 lines long; Munz: iiarrowly oblong-ovate, 0 — 8 mm long. 

Stamens, — Torrey: filamentis e basi lata submonadelpha sub- 
ulatis; Keixogg: filamenls inserted at the base, subulate, white; Jepson: 
(monospermum) filaments with broadly deltoid and connate bases. 

Kellogg: stamens as long as the perianth; Jepson: perianth more 
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or less exceeding the stamens and style; Abrams: stamens scarcely 
shorter than the perianth; Munz: stamens shorter than the perianth. 

Capsule. — Torrey: capsula trigastrica, apice depressa, loculis 
dispermis; Kellogg: cells 2-seeded, rarely more than one perfected; 
WooD: semine unico; Jepson: (monospermum) capsule 1-celled, 1- 
seeded. 

From the of ten discrepant data cited above a rather good picture 
may be had of the variation of the species. In the subsequent list of 
herbarium specimens this picture will perhaps be supplemented in a 
few respects. 

2. HERBARIUM MATERIAL EXAMINED. 

In the following list of herbarium specimens some morphological 
observations are given, especially if the types examined deviate in some 
way or other from the normal amplectens type, or if several specimens 
from the same region or similar type of locality show a decided agree- 
ment in general appearance, which has been interpreted as charact- 
eristic of a certain ecotype. The specimens are arranged geographically 
into different counties; see the map (Fig. 12). For each listed specimcn 
the following data are given: locality, my cytological number (in italics), 
year of collection, collector, herbarium in which the specimen is kept 
(B == University of California, Berkeley; C = California Academy of 
Science, San Francisco; D = Dudley Herbarium, Stanford University). 

CALIFORNIA. 

1. San Diego Co. Cuyaniaca, 55, 1880, S. B. and W. F. Parish, D; 56, 1903, 
L. R. Abrams, I); 2/, 57, 1928, 1. L. Wiggins, BD; 5, 1932, M. E. Jones, B. 

This, the iiiost Southern locality of the species, is isolated from the rest of its 
distribution area. AU the studied specimens are of the same, very charaeteristie 
type: scapes crect, rather thick and stiff, umbels dense, capitate, pedicels short. 
All specimens have asynaptic pollen. 

2. San Luis Obispo Co. San Simeon, 129, 1936, L. S. ROSE, C. 

5. Monterey Co. Jolon, 127, 1935, D. D. Keck and P. Stockwell, C. 

These two specimens from the Southern Coastal range are of a similar habit. 
Both are low and have somewhat arched, slender scapes. The umbels are thin, 
pedicels of different length. Pollen normal, 129 is diploid, 127 tetraploid, although 
127 is more slender and gracile than 129, and has fewer flowers per umbel. 

J. Talare Co. VisaUa, 17, 1898, P. S. Woolsey, B; 3 Rivers, 75, 1925, L. R. 
Abrams, D; Middlc Tule River, Purpus (Jepson, 1922). 

17 and 75 deviate very much from other types of AHium amplectens with their 
long pedicels and large star-shaped flowers. They possibly belong to another species. 
Pollen normal, both diploid. 

5. San Benito Co. Hernandez, 66, 1903, L. M. Lathrop, D; Pinnades, 12A, 
1937, J. T. Howell, c. 
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68 is a small, delicate type with upright scapes. Pollen normal» tetraploid. 
124 is tall (5 dm) and robust» thick scapes, large spberical umbels (Fig. Ila). Pollen 
asynaptic. 

6*. Mariposa Co. Mariposa» 66, 1889, 70, 1892, 19, 1893, 1894, 13, no date, 
J. W. CONGDON, BI); 84, 1914, S. Fauntleroy, C; Mt. Bullion, 7 b, no date, S. SUNEY, B, 

These are similar in type, 
erect scapes, umbels small and 
dense. Bolh normal and asyn- 
aptic pollen, types with normal 
pollen are tetraploid. 

7. Snnta Clara Co. Coyote 
Cr., 62, 63, 1895, W. R, Dudley, 
D; Staiiford University, 65, 1898, 
L. R. Abrams, D, 4, 59, 89, 1903, 
A. D. E. Elmer, BCD; Uvas- 
Almaden Rd. 64, 1922, R. S. 
Ferris, D; Gilroy Hot Spr., 111, 
1937, A. Eastwood and J. T. 
Howell, C; Isabel Cr.» 133, 134, 
135, J. Clausen, D. I). Keck and 
A. Le VAN. 

8. San Mate o Co. Jasper 
Ridgc» 61, 1921, H. L. Mason» D; 
Slanford University, 58, 1932, 
L. R. Abrams, I). 

The specimeus from Santa 
Clara and San Matco are rather 
consistent in type, niedium-sized, 
normal. With the exceplion of 
some of the forms from Isabel 
Cr. all have normal pollen and 
are tetraploid (64, however, 
which deviates considerably from 
amplectens, is a diploid). 

9. Atameda Co. Cedar Mt., 

60, 88, 98, 1903, A. D. E. 

FIlmer, Cl). 

10. Contra Costa Co. Mt. 
Diablo, 97, 1902, W. W. Car- 
ruth, c. 

Simple erect scapes with 
Fig. 12. The distribution of AUium amplectens. leaves only in their lowest part. 

They all agree in habit. From 
Cedar Mt. the diploid 88 and the tetraploid 66 should be compared. The diploid 
is evidently larger and more robust than the tetraploid. 98 has- mixed pollen, normal 
and asynaptic» even within one stamen, the others have normal pollen. 

11. Marin Co. Mt. Tamalpais» 30, 1892, T. S. Brandegee, B; Lagunitas, 15, 
1893, W. C. Blesdale, B; Kentfield, 100, 1912, M. E. Parsons, C. 
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SO and 100 very stout types with big bulbs, 15 more slciider. AU thrce have 
normal pollen^ tetraploids. 

12. Sonoma Co. HiU-sides, Sonoma, type locality of Iht? spccias (Torrev, 
1856); Hood’s Peak, 12, 1892, Michener and Bioletti, B, 93. llOh, 130, 1927, 
M. S. Baker, C; Petrified Forest, 85, 1915, A. Eastwood, C; Adobe Canon, 123, 
1927, M. S. Baker, C; Shellville, 91, 1931, L. S. Rose, C. 

91, 93, 110 b and 130 are of a very charaeteristie type. Groups of small rouiided 
bulbs grow together »in bunches of (i — 30», evidently in moist places. The scapes 
are very slender and gracile, often somewhat undulated, the intlorescences are small, 
few-flowered, pedicels short. These four specimens have normal pollen and aro 
diploid. This form will be referred to later as the Sonoma-type (Fig. 11 5). 12 and 
85 are of a more common, taller and stouter growth. Pollen normal, tetraploids. 

13. Napa Co. Howell Mt., 18, 1899, J. P. Tracy, B; WaUer^s Spr., 55, 1«;13, 
D. D. Keck, D; Napa, 120, 121, 1933, J. T. Howell, C; Palisades, 112, 1937, 
M. S. JlISSEL, C. 

120 agrees completety with the Sonoma-type: »growing in dense dumps from 
numerous small bulbs». Similar to the earlier specimens of the Sonoma-type, il 
has normal pollen but is evidently a tetraploid. 121 was collected in the same 
region, had »stems growing singly» and was of quile another general uppoarauce: 
big, marked bulbs, stout, short scapes, large flowers. It has asynaptic pollen. 18 
reminds of 120 but is lower and more slender, normal pollen, diploid. 55 and 112 
are bolh tetraploids and they are of strong and robust growth. Normal pollen. 

U. Solano Co. Vaca Mt. (Jepson, 1922). 

15. Lake Co. Lakeport, ‘ f6‘, 1902, J. P. Tracy, B; Lower Lake, 53, 1902, A. M. 

Bowman, D, 86, 1932, M. S. Jussel, C, 79, 80, 1938, A. Ea.stwood and J. T. Howell, 
C; Mt. St. Helena, 105, 106, 1915, A. Eastwood, C; Caehe Cr., 5 i, 103, 1919, A. A. 
Heller, CD, 56, 1928, D. K. Kildale, D; Kelseyville, 90, 1924, J. B. Blankinship, 
C; Adams Spr., 114, 116, 1933, M. S. Jo.ssel, C; Oak Park Spr., 6, 57, 1933, K. 

Bacigalupi, R. S. Ferris and I. L. Wiggins, BD; Lake-Cohisa Boundary, 78, 1934. 

C. PuRDY, C; Indian Valley, n. e. Lake Co. (Jepson, 1922). 

Most of these specimens represent stout, erect types. 90 and 114 are more 
gracile. 11 of them are tetraploids w*ith normal pollen, 4 are asynaptic, only 1 is 
diploid with normal pollen. 

16. Colusa Co. Stoiiyford, 74, 1926, R. S. Ferris, D; Williams, 117, 1934, 
K. Esait. c. 

Bolh asynaptic. 

17. Mendocino Co. Hed Mts., 22. 1901, A. Ea.stwood, B; 1 13, 1937, A. 

Eastwood and J. T. Howell, C; Covelo, 52, 1903, V. Rattan, D, 87, 1928, A. 

Eastwood, C; Ukiah, 108, 1913, A. Eastwood, C; Hopland, 7, 1921, J. P. Tracy, B, 
115, 122, 1936, A. Eastwood and J. T. Howell, C; Hearst, 50, 1927, R. Bact- 

GALIIPI, D. 

All agree rather well in type, 115 and 122 have unusually rich-flowering in- 
florescences. 6 of them have normal pollen and are tetraploids, wliile 3 are asyn- 
aptic. 

18. Humboldt Co. Kneelapd Prairic, 51, 1903, V. Rattan, D, 30 b, 1912, 1, 
1921, J. P. Tracy, B; Bald Mt., 3, 1923, J. P. Tracy, B; Yager, 42, 1923, J. P. Tracy, 

D, 131, 1937, A. Eastwood and J. T. Howell, C; Van Duzen River, 126, 1936, 
C. C. and S. K. Harris, C (Plantae exsiccatae Grayanae, No, 645). 
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J is a very gracile diploid with normal pollen (Fig. 11c), JfÄd, tall, rich-flowcred, 
asyiiaptic, the others are stoul and tall tctraploids with normal pollen. 

19. D^l Norte Co. Gasquet, 52, 1935, H. E. Parks and J. P. Tbacv, B. 

Tall, rather slender form with normal pollen, tetraploid. 

20. Placer Co. Auburn, 92, 1915, E. HanveR, C; Colfax, 110, 1932, B. R. 
Jackson, C. 

21. Nevada Co. Nevada City, 101, 1912, A. Eastwood, C; Banner Hill, 23, 
1916, H. M. Hall, B; Grass Valley, 99, 1919, A. A. Heller, C. 

All these specimens from Placer and Nevada show a great similarity in general 
appearance: small rounded bulbs, erect, gracile scapes, small umbels; they have all 
normal pollen and all, exccpt 92, are diploid. The tetraploid form 92, however, 
does not deviatc from the others morphologically. 

22. Yuba Co. Marysville, 95, 1930, A. Eastwood, C. 

Diffcrs very much from the preceding specimens: tall, stout, rich-flowering. 
Pollen normal, tetraploid. 

23. Butte Co. Grain Fields, 24, 1896, R. M. Austin, B; Clear Cr„ 72, 1897, 
H. E. Brown, D, 6», 70 b, 1902, A. A. Heller and H. E. Brown, D; Chico, 9, 1898, 
Brdce, B, 8 , 73, 102, 1914, A. A. Heller, BCD; Oroville, 94, 1931, L. S. Rose, C; 
Durham, 81, 1935, F. Brown, C; Paradise, 119, 1936, M. E. Wall, C. 

Among these an erect, rather slender type predominates. Its umbéls are smull, 
dense, capitate. 119 approaches the tufted Sonoma-typc. 9 and 94 are more robust. 
All have normal pollen and all, except the gracile type 119, are tctraploids. 

24. Tehama Co. Paynes Cr., 76, 1930, D. K. Gillespik, D, 49, 118. 1934, 
A. Eastwood and J. T. Howell, DC; Rosewood (Jepson, 1922). 

Normal pollen, tctraploids. 

25. Shasta Co. Anderson, 83, 109, 1913, L. E. Smith, C; Kemielt, 107, 1913, 
L. E. Smith, C; Montgomery Cr., 104, 1923, E. Bethal, C; Redding, 82. 1934, 
A. Eastwood and J, T. Howell, C. 

82 and 107 tall, the others small and tender, especially 104, which is very 
gracile with small umbels and short pedicels. They have all normal pollen and are 
tetraploids. 

26. Trinity Co. Union Cr., 25, 1909, H. M. Hall, B; Scott Mts., 128, 1931, 
A. Eastwood and J. T. Howell, C; Eagle and Bear Cr. 125, 1937, A. Eastwood and 
J. T. Howell, C. 

25 and 128, low, gracile, few-flowered, reserable Shasta 104. They have asyn- 
aptic pollen. 125 decidedly more vigorous, normal pollen, diploid. 

27. Siskiyou Co. Yreka, 28, 71, 1910, G. D. Butler, BD; Mt. Shasta, A. A. 
Veatch (type locality for Allium attenmfolium; Kellogg, 1861). 

28 (Fig. 11 d) and 76, robust, erect, both asynaptic. 

28. Lassen Co. Susanville, 10, 1892, T. S. Brandegee, B; Dixey Mts. 11, 31, 
1894, M. S. Baker and F. Nutting, B; Pine Cr., 14, 1898, C. C. Bruce, B. 

11 and 14, strong, robust, very large umbels, 10 and 31, low, tender, small 
umbels, very short pedicels. All except 10 are asynaptic. The very striking differ- 
ence in size between 11 and 31, which were collected on the same occasion, together 
with the difference in pollen size makes the conclusion drawn in another connexion 
highiy probable, that different chromosome numbers may occur among asynaptic 
forms as well as among types with normal pollen. 
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29, Modoc Co. 3 1 c, 18Ö3, M, S. Barer, B; Altura, 67, 1919, R. S. Ferris and 
R. Duthie, D. 

67 rescmblcs thc small Lassen types, asynaptic. 

OREGON. 

30. Josephine Co. Waldo, 77, 1928, Kerby, 77 b, 1928, J. W. Thompson, I). 

77 very small and delicate, leaves fiiiform. Normal pollen, tetraploid. 

3/. Jackson Co. Rogue River, 29, 1893, R. M. Austin, B; Siskiyou Mts., 44, 
1894, F. M. Anderson, D; Chinquapin Mt., 47, 1925, E. J. Appelgate, D; Pinehurst, 
3S, 40, 1927, M. E. Peck, D. 

38, 40 and 47 have normal pollen, tetraploids, the others have asynaptic pollen. 

32. Klamath Co. Swan Lake, 48, 1923, E. J. Appelgate, D; Bonanza, 39, 43, 
1927, M. E. Peck, D. 

43 has normal pollen, tetraploid, the others asynaptic. 

33. Lake Co. Lakeview, 46, 1927, M. E. Peck. D. 

Tall, stout, small inflorescences, asynaptic. 

34. Harney Co. Steen Mt. 34, 1896, J. B. Lkiberg, B, 33, 1898, W. C. CusiCK, 
B, 45, 1925, M. E. PECK, D. 

Asynaptic. 

35. Lane Co. Doreiia, 2, 1924, L. Constance, B. 

Small, tender, fiiiform leaves, normal pollen, diploid. 

36. Linn Co. Albany, 41, 1928, J. W. Thompson, I). 

Tall and stout, normal pollen, tetraploid. 


WASHINGTON. 

37. Klickitat Co. According to Piper (1906), Allium attenuifolium oceurs in 
a collection, Suksdorf 60, from this county. In reply to an inquiry on this matter. 
Dr. C. W. Shahsmith, Pullman, very kindly gave me the following information in a 
letter: »After a careful search not only through the herbarium, but also through 
Piper's and Suksi)ORf'$ as yet uiimounted material, I failed to find the Suksdorf 
60 specimen cited by Piper. However, 1 did find among Suksdorf’s unmounted 
plants a single shect containing rather scanty, albeit sufficient material for veriflc> 
ation, of Allium amplectens Torr. This Suksdorf collection was unnumbered; it 
is named by him »A. atienuifolia* and is given the locality in his own handwriting 
as »WS 24 May, 1881». The »WS» I interpret as White Salmon (in western Klickitat 
County, Washington), oii the basis of our knowledge as to his whereabouts at this 
time . . .». From this il is clear Ihat Allium amplectens goes as far north as to the 
Southern parts of Washington. 


3. PLANT^GEOGRAPHICAL SURVEY, 

By putting togelher tlie data from the different specimens of Allium 
amplectens, listed in the preceding chapter, material is furnished of a 
rather detailed distribution map of the species. 120 of the specimens 
are from California and 16 from Oregon. To this may be added some 
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normal or aaynapiic pollen was present. Among the 126 specimens, 
where this examination could be carried out, no less than about /» 
(37 specimens) showed asynaptic pollen, while 89 specimens had nor- 
mal pollen. When these conditions were plotted on the map it was 
found that the phenonienon of asynapsis had a very wide occurrence in 
nature: Among 34 counties represented, 16 had only normal pollen 
formation, 5 had purely asynaptic pollen and 12 had both types ot 
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Fig. 14. Pollen leiigth in the normul and asynaptic type. 


pollen (Table 1). The map (Fig. 13) gives a summary of these con- 
ditions. 

It will also be seen from the map that the asynaptic genotype is 
scattered over the total area of the species. Since necessarily very few 
specimens from each county could be examined, it is impossible to draw 
any far-fetching conclusions from the map. A few faets may still be 
pointed out although with some reservation. All specimens from San 
Diego are asynaptic, which makes it plausible that this locality, isolated 
from the rest of the distribution of the species, may contain exclusively 
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asynaptic types. And in the north-eastern corner of the distribution 
evidently asynapsis predominates (14 asynaptic specimens as against 
4 normal). Normal meiosis has a cumulative district in the inner parts 
of California (Placer, Ne- 
vada, Yuba, Butte, Tehama 
and Shasta Counties) with 
25 examined specimens, 
among which not a single 
asynaptic type was found. 

In order to get a deeper 
knowledge of the situation 
it will be necessary, how- 
ever, to carry out detailed 
field studies. 

Pollen grains were 
measured from each pollen 
sample. It is important 
that identical stages of 
development are present in 
Ihe measured samples. This 
condition was easily ful- 
filled, however, since even 
in dried material the nuclei 
of the pollen are clearly 
visible in acetocarmine 
slides. I selected for me- 
asurement the stage a few 
days after the first pollen 
mitosis, when the strongest 
growth of the pollen grains 
is past. Then both the 
pollen nuclei could be 
readily seen in most slides. 

In some cases it was poss- 
ible even to see that the 
specimen had been dried 
during the pollen ana- 



Fig. 15. The distribution of diploid and tetraploid 
types of ÅUium amplectens, transverse Unes 
= diploids, longitudiiial lines = tetraploids. 


phase, as clearly necrotic restitution nuclei had been formed in the 
pollen grains. 

The averages of the pollen lengths are collected in the graph 
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(Fig. 14). It will at once be seen that the normal 
pollen grains form a bimodal curve. This in- 
dicates that the material contains not only Uie 
tetraploid forms, which in actually cytologically 
examined material were shown to have a pollen 
length corresponding to the right mode of Ihe 
graph, but also diploid forms corresponding to 
the left mode. The curve of the asynaplic pollen, 
too, sliows a tendency to more than one mode. 
In this case, however, there is too little material 
to allow any conclusions being drawn. 

If a pollen length of 34 /i is selected as the 
limit bctween diploids and tetraploids with nor- 
mal pollen, the result in the distribution of the 
differcnt forms is the one represented in the 
map (Fig. 15) and in Table 2. It will be seen 
from these data that the tetraploids are very 
much commoner in nature than the diploids: 
among 84 specimens examined, 67 were tetra- 
ploid and 17 diploid. 6 counties had only di- 
ploid forms, 16 had tetraploid forms and 7 had 
both types. 

4. THE CORRELATION BETWEEN POLLEN TYPE 
AND MORPHOLOGY, 

Two morphological properties, plant height 
and pollen fertility, were plotted against pollen 
type. Table 3 gives tJie results concerning plant 
height. It will be seen from the table that the 
plant height is decidedly lower in the diploids 
than in the tetraploids and the asynaplic forms. 
On the other hand, there is no significant differ- 
ence between the asynaptic plants and the nor- 
mal tetraploids. In various places in the list of 
the herbarium specimens I pointed out that a 
difference in height and in general viability 
running in the wrong direction could be found 
if certain individual diploid and tetraploid spec- 
imens were compared. It is clear that the genic 
variation in these cases goes in the opposite 
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(lirection to the genomatic variation. This source of error is diminished 
if a sufficient number of individuals are collected within each group. 
The genic variation within the groups cannot under such circumstances 
conceal the difference between the groups. 

In Table 4 the pollen fertility of the different pollen types is 
examined. In spite of the fact that some diploids had very bad pollen 
(in reality triploids?), the diploids turned out to have, on the average, 


TABLE 4. Pollen type and pollen fertility. 


Pollen type 

Percentage good pollen 

0 10 20 30 40 50 60 70 80 90 100 

Total 

Medium 

V, , |2x 


— —111—1219 


16 

79,4 

Normal 


1 1 2 4 9 12 7 17 7 4 


64 

61,7 

Asynaptic 


1322 — 3 3882 


32 

62,7 


belter pollen than the other groups. More than half of the diploid 
plants had more than 90 % good pollen, a fertility rarely occurring 
ainong the other types. 

It must be considered of interest that a difference between the 
normal diploids and tetraploids could be demonstrated even by these 
rather crude methods. It affords a certain support to the method of 
classification of the pollen; it shows, in my opinion, that the division 
into diploids and tetraploids, made according to the pollen size, really 
represents valid conditions. 

III. DISCUSSION* 

The term asynapsis usually denotes a whole group of phenomena, 
characterized by a decreased chromosome pairing durii^ thfe first 
meiotic division. Asynapsis can be modificative or genotypic. Tem- 
perature, age, Chemical action may cause asynapsis. Evidently failure 
of chiasma formation is the typical response, if a certain stage of meiosis 
is subjected to external irritations. The genotypic asynapsis, on the 
other hand, may be due to lacking chromosome homology, that is the 
case in numerical and structural hybrids and haploids, and it may be 
due to a true gene action. 

In all probability the case of Allium amplectens belongs to this 
last category. By studying the earlier, best known cases of such asyn- 
apsis, viz. Zea (Beadle, 1930, 1933), Datura (Bergner, Cartledge and 
Blakeslee, 1934), Crepis (Richardson, 1935), Pisum (Koller, 1938), 
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and Nicotiana (Goodspeed and Avery, 1939), it should be possible to 
obtain a picture of the normal course, along which the genically caused 
asynapsis takes place. I shall now examine to what extent the Allium 
case agrees with this normal course and to what extent deviations occur. 

The chromosome pairing at zygotene is normal in the genically 
caused asynapsis cases. This has been actually observed in Zeo, Crepis 
and Nicotiana, And this condition is even more evident in Alliuniy 
where the prophascs are especially clear. It has been demonstrated 
beyond doubt that the chromosome pairing at pachytene is morphologic- 
ally as intimate and complete in the asynaptic as in the synaptic types. 
It should be mentioncd, however, that in an asynaptic Rumex acetosa, 
studied by Yamamoto (1934), a clear difference in zygotene pairing was 
observed as compared with synaptic types. 

It is evident that no conclusions can be drawn concerning the 
formation of chiasmata from the appearance of the pachytene, if the 
pairing is good. This is seen in those Allium forms which have their 
chiasmata localized to the centromeric region. They have apparently 
quite regular pachytene pairing along the whole length of the chromo- 
somes. And in a tetraploid species with such chiasma localisation the 
frequency of quadrivalents is great at pachytene and early diplotene, 
while it is almost nil at metaphase I. This is explained by the con- 
dition that only the pairing close to the centromeres gives rise to 
chiasmata (Levan, in the press). 

According to Darlington (1937 and elsewhere), the pairing which 
predisposes to asynapsis, involves a change in the precocity conditions 
of the meiotic prophase, i. e, a premature division of the chromosomes, 
which impedes true pairing and leads to the formation of chiasmata 
only in exceptional cases. The pairing that remains in such chromo- 
some regions is therefore not due to chiasmata but to the torsion of the 
chromosomes. 

In most earlier cases of asynapsis the suppression of chiasmata is 
ne ver total, but a certain, by no means small percentage of chiasmata 
originates. This percentage is liable to great variation in the same 
individual, all values from 0 to 100 % may occur. In Zea an average 
of 3 — 82 % bivalents is formed in 8 plants examined, in Crepis about 
50 — 70 % of the potential bivalents were realized, and in Pisum the 
corresponding values were of a similar magnitude (at diakinesis 71 %, 
at metaphase 54—64 % ). In this respect Allium is very strikingly 
different from earlier cases, the asynapsis of Allium being very much 
more complete. One chiasma in some 500 cells is typical and the 
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highest frequency of chiasmata observed is 4 chiasmata in 100 cells* 
This corresponds to a percentage of realized chiasmata counted on the 
potential chiasmata of only about some lOOth per cent. 

The only previously described asynapsis case which in this respect 
is comparable to AUium is Datura, where often 24 univalents were 
found at metaphase I. Their behaviour was quite irregular, however, 
and they were not collected in any equatorial plate. 

The lack of chiasmata in AUium at metaphase I must be considered 
rather remarkable, if viewed in connexion with the complete pachytene 
pairing, There has often been a tendency in the literature to interpret 
the few chiasmata which are formed in the asynaptic species as 
corresponding to the amount of pairing seen at pachytene. Thus 
Darlington (1937, p. 405) writes: »Where failure of chiasmata is 
absolute, pachytene is also very defective. Where it appears complete, 
chiasmata are always formed in a proportion of iiuclei, a proportion 
subject to great local variation». The conditions in AUium show, how- 
ever, that it is not necessary for an apparently normal pachytene pairing 
to lead to the formation of any chiasmata. 

A common feature in all earlier cases of asynapsis is Ihat the 
spindle never acquires any conimand over the univalents. While the 
few bivalents may often be arranged into an equatorial plate, the uni- 
valents remain irregularly scattered out over the whole lengfh of the 
spindle. The spindle itself behaves characteristically, it grows in length 
and is often bent round in the cell so that its poles approach each other 
(cf. the behaviour of the spindle in asynaptic Drosophila pseudo- 
obscura). In AUium there is no trace of all this. The first division is 
above all charactcrized by the complete control of the spindle over the 
situation. The spindle is regular, bipolar. The univalents and the 
solitary bivalents are moved towards the equator and arranged into one 
plate or, in addition, into one or two accessory plates. The bivalents 
have the same type of orientation as the univalents. 

The cause of this striking difference from other cases of asynapsis 
must be found in the behaviour of the centromeres. They must in 
AUium have the same structure both in univalents and in bivalents. 
They must all l>e polarized and capable of aulo-orientation. This is 
no doubt the cause of the great regularity with which the first division 
takes piace, and this also causes the difference from earlier cases of 
asynapsis and also the behaviour of univalents in general, which owing 
lo lack of partners and lack of centromeric polarisation are devoid of 
the possibility of auto- as well as co-orientation. Ordinary univalents, 
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it is true, very often later on, after the separation of ihe bivalents, 
proceed towards the equator and orientate themselves into a secondary 
equatorial plate. This may be expressed in this way: their centromeres 
wcre unpolarized from the beginning, but later on became polarized. 
In Allium, on the other hand, the polarisation must occur very early, 
at the latest immediately after the disappearance of the luiclear 
membrane. 

The cause why the centromeres in Allium, in spite of their polar- 
isation, remain undivided through the first division is imexplained. 
It must be seen in connexion with the rhythm of meiosis, where the 
centromeres normally have to play a part in two nuclear divisions 
withoul being divided more than once. In the c-meiosis (Levan, 1939) 
the contrary behaviour is present, the chromosomes separate in the 
first division and soon after this the centromeres divide without any 
interkinesis despiralisation. I attributed this behaviour to the lack of 
pressure on the centromeres of the interiör spindle, which should in- 
volve a preparation for a rapid division of the centromeres. The con- 
ditions of Allium amplectens argue against this assumption. No 
pressure of any interiör spindle is present and the centromeres are still 
undivided. 

Abruptly, while the chromosomes are being prepared for the ana- 
phase I, the telophase starts, and the chromosomes still on the equatorial 
plate are included into a disciform interkinesis nucleus. No directly 
comparable case to this behaviour seems to be known. Rosenberg’s 
(1927) semi-hcterotypic division has the same end-result but its course 
is very different. 

Immediately after the interkinesis follows the second division, 
during which the chromosomes are less contracted than during the 
first division. Worth mentioning is the observation that no accessory 
plates, which are almost regularly present at the first division, were 
seen during the second division, all the centromeres being very regularly 
arranged in the equatorial plane. Since the chromosomes are really . 
much larger during the second division than during the first it seems 
improbable that mere crowding of the plate should be the cause of the 
failing congression of the chromosomes in the first division. Besides 
that, non-congression has hardly been observed earlier in chromosomes 
with polarized centromeres. Instead it is found among bivalents, which, 
due to crowding and body-repulsion, are prevented from arranging 
themselves in the first metaphase plate. The situation in Allium am- 
plectens goes to show that it cannot be just the conditions of the centro- 
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meres, but rather the special conditions of the first melaphase, which 
cause the formation of accessory metaphase plates. 

The result of meiosis is dyad pollen with somatic chromosome sets. 
Apart from the first division, which did not lead to any chromosome 
separation, a certain agreement is noted with the deviation of meiosis, 
described by Gustafsson (1935) in apomictic Taraxacum and called 
pseudo>homeotypic division. Its end-result is also unreduced dyads. 
The behaviour of the univalents, which are gathered in an equatorial 
plate, is ascribed to their bipolarity: »Owing to the failure of the spindle 
to stretch and the failure of the nuclear membrane to form, the spindle 
attachments of the univalents are able to divide and the chromosomes, 
as a result of their bipolarity, actively move towards the equatorial 
plane, where the halves separate» (1. c. p. 81). 

From the above discussion it will be seen that the asynapsis of 
Ailium amplectens is of a greatly different course from the cases of 
asynapsis described earlier, although it clearly belongs to the same type 
as Zea, Datum, Crepis, Pisum and Nicotiana. The regularity of the 
whole process makes the Ailium asynapsis comparable to other gene- 
controlled deviations of meiosis. The closest resemblance exists, as 
mentioned above, to the monokinetic meiosis (Levan, 1935), where the 
first division occurs normally but the second is omitted. In this ab- 
normality the mechanism is quite different, however, chiasmata being 
formed in a normal manner and the pre>reduced parts of the bivaleiits 
separating at the first division. The second division is lacking, no 
chromosome contraction and no spindle formation are seen. It is sub- 
stituted by a long resting stage. The result is, generally speaking, the 
same as af ter asynapsis: pollen dyads with doubled chromosome num- 
ber. Since the first division takes place, meiotic abnormalities due to 
autopolyploidy occur (and most monokinetic types are autopolyploid). 
The result of this is that the chromosome complement of the pollen 
varies, and in no way is so well-balanced as the asynaptic pollen. The 
monokinetic pollen is also distinguished from the asynaptic pollen by 
purely morphological characters, its chromosomes being arranged in 
pairs. The frequency of monokinetic pollen is very seldom exactly 
100 %, often a few normal pollen grains occurred even in the most 
completely monokinetic types. Asynapsis, on the other hand, is almost 
always absolute. Only in a couple of herbarium specimens was the 
simultaneous occurrence of normal and asynaptic pollen observed in 
the same plant. And in these cases it is quite possible that the dyads 
w^ere essentially of monokinetic origin. 
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Unfortunalely I liave not yet been able to study these gametic 
anomalies on the temale side. And in Allium amplectens I have, owing 
to difficulties of cultivation, not been able to grow any progenies. The 
vegetative propagation is, however, so lively in Allium that even types 
with unbalanced meiosis and subsequent bad seed fertility may acquire 
a wide distribution in nature. The pollen size of Allium amplectens 
shows that the tetraploid is probably the maximal chromosome num- 
ber occurring in nature. This indicates that if the asynaptic type is 
seed fertile, some regulativc mechanism must be present which keeps 
the chromosome number down, for instance, apogamous development 
of the embryos. 

At any rate it was demonstrated that asynaptic meiosis is widely 
distributed within the area of the species. The species is very multi- 
form and evidently consists of a multitude of ecotypes more or less 
specialized for certain exteriör conditions (for instance, the San Diego 
form, the Sonoma form, the Nevada form). It would be interesting to 
find out if the asynapsis gene in its infiltration of the species has any 
preference for certain morphological types. As far as can be known 
at present, this does not seem to be the case. Plant height, for instance, 
a property which is fairly characteristic of different ecotypes, exhibited 
a similar variation in the asynaptic types to that in the normal. Nor 
does the asynapsis gene seem to have any preference for certain ecolog- 
ical or geographical habitats. A doser study of these problems would 
probably give interesting results. 

The fact that the asynapsis gene does not seem to have any selective 
value, cither positive or negative, points to a vegetative or apomictic 
type of propagation, in which case a meiotic quality is of no importance 
(cf., for instance, the great distribution in nature of seed sterile triploid 
Allium carinatum). 

Concerning the question of polyploidy in Allium amplectens the 
conditions are somewhat different. There is evidently present a clear 
difference in plant height and probably also in general viability between 
diploid types and tetraploids. The tetraploids are superior in the 
selection, they are of a commoner occurrence in nature. Conditions 
are often similar in other Allium species. The tetraploid Allium 
oleraceum is more viable than the related diploid Allium pahiculatum. 
In Allium Schoenoprasum the diploids predominate in nature, but the 
only known autotetraploid is a giant form. In Allium nutans the tetra- 
ploids are, on an average, more robust and viable than the diploids. 

It is possible that the tetraploids of Allium amplectens represent 
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Ihe optimal stage of genomic viability of thc species. It is also possible, 
however, that the triploid is an equally vital type to the tetraploid or 
even somewhat superior. Among the asynaptic types the triploids seem 
to be most common. All the asynaptic forms, in which the chromosome 
number was directly deterniined, were triploids, and in the graph of 
the pollen size (Fig. 14) the middle mode is the largest one. This might 
be due to an apogamous seed formation, which in the asynaptic types 
preserves the triploids, while among types with normal meiosis thc tri- 
ploids, owing to stcrility, would be doomed to failure. 

SUMMARY. 

Allimn ampleclens Torr. is an endemic of the North-American 
Pacific Coast region. Its cytological conditions are of specially great 
interest since a genically controlled asynapsis is of common occurrcnce 
among its natural populations. 

The first part of this paper deals with the cytology of the normal 
and asynaptic forms of the species. Its basic chromosome number is 7 
and the chromosome morphology agrees with previously studied AUinm 
species of the 7-series, with the important exception that no satellited 
chromosome is present. This is conneeted with the peculiar conditions 
of the nucleoli, which are formed at several chromosomes of each 
genome. Meiosis of normal and asynaptic forms is described. The 
asynaptic forms show the following interesting features: The zygotene 
pairing is normal, the failure of chiasma formation is nevertheless 
almost complete, 1 chiasma in 500 cells being formed. At the first 
metaphase the .spindle funetions normally and all the univalents are 
arranged at the equator. The centromeres are not divided and the 
metaphase goes directly over into a uninuclear interkinesis. At the 
second division the centromeres divide, which is followed by a normal 
anaphase, giving rise to pollen dyads with somatic chromosome com- 
plements. Besides the dyads there are also found single monad pollen 
grains, where both meiotic divisions have been omitted, due to the 
added action of asynapsis and monokinetic meiosis. 

The second part is based on studies of herbarium material. The 
distribution in nature of the species is determined. Further, pollen 
samples from the herbarium specimens are examined and the occurrence 
of asynapsis as well as of diploid and tetraploid forms is recorded on 
the map. Finally, the asynapsis of Allium amplectens is diseussed in 
relation to earlier cases of asynapsis. 
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A HYBRID BETWEEN TRITICUM TURGIDUM 
AND AGROPYRON JUNCEUM 

BY G. ÖSTERGREN 

INSTITUTE OF GENETICS, LUND, SWEDEN 


B OTH Russian and Canadian workers havc successfully crossed 
wlieat with Agropyron junceum (Tsitsin, cited by Verushkine, 
1935, p. 8; Johnson, 1938, p. 240). 

The female parent of the hybrid studied by me was Triticum 
iiirgidum L., »Rivet's Bearded». Pollen was obtained from a wild 
population of Agropyron junceum (L.) P. B. growing at Råå in South 
Sweden. 245 cross-pollinated flowers ga ve 38 seeds (15,5 %). The 
seeds were germinated in petri-dislies containing sand and water. Three 
plants were obtained. Some inore seeds germinated, but the resulting 
seedlings died at an early stage. 

Only one of the plants flowered in 1939 (it had been germinated 
in the autumn of 1938). Two plants germinated in the spring of 1939 
ha ve not flowered yet. i 

The morphology of Triticum turgidum X Agropyron junceum 
seems to be rather interesting, this hybrid being more similar to wheat 
than most Triticum- Agropyron hybrids described in literature. This is 
especially true of the spikes (Fig. 1). These statements are based on 
the general appearance of the hybrid. The inheritance of the indi- 
vidual characlers has as yet been observed only in a few cases. The 
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iteards of Ihe wheat parent are recessive (although not completely). 
The pubescence of the spikelets is dominant. Agropyron jiinceum has 
its nodes concealed wilhin the vaginae, and so has the hybrid. The 
icaves of A. junceum have on Iheir uqderside a sub-epidermal layer of 
mechanical lissue. This characler is recessive. It is not known as yet 



Fif». I. Spiki-s of the material. From Icft to rifiht: Triticum furgidum-, the F\ 

hybrid; Agropyron junceum. 

if Ihe hybrid is perennial. Its morphology will be treated more in 
dclail in a latcr paper (e. g. in conjunction with the descendants of the 
iiybrid if such can be obtained). 

The root tips and the anthers were fixed in chrome-acetic-formalin. 
TJie anthers were prefixed in 96 % alcohol. The preparations were 
slained with gentian violet. The three hybrid plants had 2n = 28, like 
both parents. Two fixations of the plant which flowered gave the 
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frequencies of univalents and bivalents at first metaphase tabulated 
above (p. 395). 

First metaphase was observed also in an E.M.C. The configuration 
could not be analysed, but seemed to be similar to those observed in the 
P.M.(::s. 

Most chiasmata are terminal, but sonie are subterminal. Most 
bivalents are rod-shaped. In the cell presumably having Ojj the con- 
figuration is not quite clear. In a few cells some possible quadrivalents 
were observed, but these might perhaps 
be composed of two bivalents. 

Assuming that the chromosome 
pairing is not rcduced by other causes 
thaii an incomplete homology between 
the chromosomes, the conclusion can 
be drawn that A, junceum is not com- 
plctely aiitopolyploid. This observation 
does not provc with certainty, however, 
that the quadrivalents observed by me 
in A. junceum (Östergren, 1940) are 
due to segmental interchange. 

Autosyndesis between the A- and 1^*8- 2. Microphotograph of a cell 
B-genomes of wheat can probably ^ 

account only for a minor part of the pairing found in this hybrid, 
The chromosome pairing in haploid T, durum was studied by Kihara 
(1936). The chief causes of the pairing in my hybrid should then 
be autosyndesis between the /unceum-chromosomes and allosyndesis. 
Allosyndesis or autosyndesis may prevail, or both may occur to aboul 
the same cxtent. 

In two pollen tests, containing more than 1000 grains, not a single 
good grain was found. 

The relatively pronounced similarity of this hybrid to wheat may 
be of interest from a practical point of view. Its high sterility does not 
make it very probable, however, that an F 2 can be obtained. Perhaps it 
may give rise to an amphidiploid. 
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STUDIES ON THE SIGNIFICANCE OF 

POLYPLOIDY 

IV. OXYCOCCUS 

BY O. HAGERUP 

BOTANICAL MUSEUM, GOPENHAGEN 


A NYONE who has had tlie opporlunity of studying the growths of 
lOxycoccus, which adorn the Sphagnum bogs of our couutry, will 
have noted that this small shrub varies greatly; thus, for instance, its 
fruits are of different shape, size, and colour. Very conspicuous, also, 
is the variation in thickness (Figs. 2 — 3), shape, and size of the leaves 
(Figs. 7 — 9), and the manner in which the margin is recurved. Often 
the leaves are almost vertically erect, hut they may also be horizont- 
ally expanded (Fig. 1). The flowers, too, differ in a number of 
characters, of which their number and the pubescence of the stalk, in 
particular, are of taxonomic value. 

If, in addition, one has the opportunity of examining abundant 
material derived from ecologically different localities and from other 
countries, the various forms will be found to differ also in ecological 
and geographical respects. 

These characteristic differences in morphological, ecological, geo- 
graphical, and systematical characters are combined in an interesting 
way with equally characteristic cytological features, which will be de> 
scribed in detail below, as far as the available material permits. 

My material consisted of a fairly large collection of dried plants 
belonging to the Botanical Museum of the University of Copenhagen 
and collected in different countries; but in addition I had collected an 
abundant living material in several bogs in the vicinity of Copenhagen 
and in Greenland near 66° N, lat. 

It is of great value that several investigators have collected cyto- 
logical material for me of foreign types, difficult lo obtain. For this 
reason I owe special thanks to Dr, A. E. Porsild, Canada, and to 
Mr. G. Thorläksson, B. Sc., who fixed 0. microcarpus in North 
Iceland. 

The chromosomes are excellently stained by the method of 
Feulgen. 
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The taxonomy has been well treated by Samuelsson, M. P. 
PoRSiLD, and A. E. Porsild, whose views and nomenclature I adopt 
in the following account. Most of Ihe floristic manuals, however, are 
almost useless in an attempt to ascerlain the geographical conditions, 



Fig. 1. Ttip: O. microcarpus Irom N. Iceland (66^ N. lat.). Middle: O. quadripetalus 
var. microphyllus from West Greenland (66^ N. lat.). Base: O. gigns from Ihe 
Lyngby bog iiear Copcnhagcn, — Natural size. 

partly because of the confusion of the nomenclature, and partly be- 
oause the authors have not been sufficiently interested in the varieties. 
On that account it is possible at present to give only the main features 
of the distribution of the various forms; thus the geographical con- 
ditions are badly in need of a further elucidation, so that the dis- 
tribution of the different forms may be mapped. 
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Oxycoccus microcarpus TuRCZ. (n = 12). — In nearly all its parts 
the plant proves to be the smallest representative of the genus. That 
it should be considered an independent species has already been shown 
by Samuelsson, who had a large material at his disposal, both from 
Scandinavia and the Central European Alps, where the plant is widely 
distributed and is distinctly separated from the other Oxycoccus forms, 
with which it rarely forms hybrids. 

Apart from its small size, O. microcarpus is characlerized by the 
shape of its leaves, but especially by being the only species with a 
glabrous flower stalk. In addition, the plant is recognisable by means 
of several other characters, which have been described in detail by 
Samuelsson. Moreover, its chromosome number is n = 12 (Fig. 7), 
a number not found in any of our other Oxycoccus forms, whereas this 
is the chromosome number most commonly found within the Bicornes. 

Hnally, it may be mentioned that it flowers one or two weeks 
earlier than O. quadripetaliis. 

Of special interest, however, are Melin’s investigations of the 
ecological conditions of the plant. Melin found that O. microcarpus 
is very exclusive in the choice of its habitat, which differs from those 
of the other fonns, in that it is only found in the driest Sphagnum bogs 
characterised by the occurrence of Sph, fiiscum, Hypnaceae, and other 
xcrophilous species. 

The geographical distribution also is of interest. Thus, with 
regard to its distribution in North America, A. E. Porsild writes as 
follows (1938, p. 117): »In sub-arctic Sphagniim-hogs only. From 
Alaska to the east shore of Hudson Bay penetrating but a short distance 
north to the limit of trees. From the Yukon Territory south through 
the mountains of British Columbia and Alberta, Throughout northern 
Alaska and the Northwest Territories O. microcarpus is the only re- 
presentative of the genus». 

The same thing may be said of the occurrence of the plant in 
Europé and Asia. It is circumpolar and is the species found farthest 
north. 

In Iceland the only Oxycoccus species that has been found is 
O. microcarpus, which is known from a few scattered localities, 
especially along the north coast of the island. It is therefore all the 
more curious that the species has not been recorded from the nearest 
part of the east coast of*Greenland or from the Faroes. 

The species is widely distributed in northernmost Scandinavia. It 
decreases rapidly southward, but is recorded with certainty from the 

HeredUa» XXVL 26 
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areas round the Baltic as far as the North German moorlands 
(Samuelsson, 1922, p. 258). It has not yet been found in Denmark, 
biit should be more carefully searched for, since it is found in the 
neighbouring countries both to the north and to the south. 

Samuelsson (pp. 257—58) has also found the plant in several 
places in the mountains of Central Europé; thus O. microcarpus has 
a similar geographical distribution to that of the bisexual Empetrum 
h ermaphroditii m . 

The Southern limit of the distribution of the species is almost 



Fig. 2. Cross section of leaf of O. microphyllus from N. Iceland. — X 220. — 
Fig. .3. Cross section of Icat of O. quadripetaliis from Denmark. — - X 220. 


entirely unknown. However, in the Botanical Museum of this city 
there is a specimen of O. microcarpus (from »Flora Romaniac ex* 
siccata, No. 1085 b») collected in Distr. Ciuc in Transylvania, 1050 m. 
above sea-level. This finding so far south elicits a desire to investigate 
the distribution of the species in all European countries. For this 
purpose the floristic manuals should start from Samuelsson’s and 
Porsild’s conception of the species; thus our desire is justified both 
by cylological, ecological, and geographical conditions. 

Oxycoccus quadripetalus Gilib. var. microphyllus (Lange) M. P. 
POHSILD. (n = 24). — Very similar in habit to O. microcarpus (Fig. 1), 
for which reason the two forms have mostly been confused, so that it 
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is now impossible to unravel their distribution by means of the 
literature. 

It was only by M. P. Porsild’s investigations (1930) that the 
taxonomy of this variety was elucidated so that it may now be 
distinguished from the other small Oxycoccus forms. 

That each of these forms belongs to its particular species is evident. 



Figs. 4 — 6. Leaves (seen from the under side) of O. microcarpus (Fig. 4) from 
Iceland; O. quadripctalus var. microphyllus (Fig. 5) from W. Greenland (66® N. lat.); 
O. gigas (Fig, 6) from Denmark. — X 8. — Below the leaves the correspoiiding 
chromosomes in Metaphuse I. Fig. 7 from Iceland, Figs. 8- 9 from Denmark. — 

X 2500. 

among other things, from the faet that the flower stalk is densely 
pubescent in var. microphyllus, which is further charaeterised by a 
different leaf shape (Figs. 4 — 5) and by various other char.acters, 
recorded by Porsild. Finally, each of the two small forms has its 
particular chromosome number, n = 24 in var. microphyllus (Fig. 8), 
which I found in individuals from three different localities in nothern 
Seeland, However, var. microphyllus from Greenland is not quite 
identical with the Danish one, and it should be ascertained whether 
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they have the same chromosome number. The Greenland plant has a 
short style and pollinates itself (M. P. Porsild), the species thus having 
a tendency to develop pure lines in northern localities. 

The plant is not found either in the Faroes, Iceland, or East Green- 
land, while it is recorded from some scattered localities along the west 
coast of Greenland from the southernmost point (c. 59° N. lat.) right 
up to a little north of the Polar circle (68° 41' N. lat.). From this coast 
its range extends across to North America, of which A. E. Porsild 
says as follows (1938, p. 117): »On the Labrador coast from Strait of 
Belle Isle north to 56° 16' N. Also in Newfoundland and the Gulf of 
Sl. Lawrence region. South of Newfoundland and the Labrador coast 
gradually merging into the preceding» (= O. quadripetalus). 

In Denmark the species has been found in many places; it is 
almost as common as the main species. Often the two forms grow 
logether, and if so, they are evenly intermixed or remain fairly 
isolatcd in small growths. Howcver, pure growths of one or the other 
species may also be found, for instance, in the Bollemosen near Copen- 
bagen, where a large isolated pure culture of var. microphyllus is 
found. 

That the Danisli forms differ somewhat ccologically may be seen 
when they grow near cach other but in isolated patches, as is the case 
in the Lyngby bog near Copenbagen. For, in such instances, var. 
microphyllus behaves in the same exclusive manner as O. microcarpits 
and chooses the highest and driest Sphagniim tufts, being more xero- 
philous than O. quadripctaliis. It may even rise to the Icvel of Calluim 
and Empetrum, but does not tolerate too much shade from other 
plants. On the other hand, it does not thrive in the immediale neigli- 
bourhood of water (as the main species does). 

In ils natural habitats the plant is recognisable in that it covers 
but a small part of the substratum. which is due in the first place to 
the very small size of the leaves, but especially to the almost erecl 
position of the greater number of the leaves as in true light plants. And 
in the flowcring period the plant is especially conspicuous because the 
very small flowers are mostly single and of a very dark colour. 

Var. microphyllus differs from O. quadripetalus in all these 
characters, and even more distinctive properties might be mentioned 
(such as the size of the fruit, coloration, etc.); on seeing the two forms 
togelher, one’s first impression, therefore, is that they are two differ- 
ent species, 

There are, howcver, a few weighty reasons against this very 
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natural view; firstly, a typical microphyllus shoot may sometimes be 
found to have developed as a lateral shoot from another shoot distinctly 
belonging to O. quadripetalus. 

Moreover, it is of decisive importance that these two forms have the 
same chromosome number, viz. n = 24. I therefore prefer to adopt 
the view held by M. P. Porsild that microphyllus is only a variety. 

As regards the geographical distribution, very little is known in 
addition to what has been stated above; and unfortunately only scanty 
and unreliable information can be derived from the literature. Although, 
perhaps, we are only concerned with a variety, its ecological as well as 
ils geographical conditions seem to be well worth a doser investigation. 
On the whole, however, var. microphyllus appears to be a more 
northerly type than the main species. Its Southern limit its entirely 
unknown. 

Oxycoccus quadripetalus Gilib. (n = 24). — This name denotes 
the »main species», which is so well known that there is no need of 
describing it in detail here. Compared with the two preceding species 
il is typically much larger — even though transitional forms lo var. 
microphyllus are of common occurrence. The leaves are, as a rule, 
large; many of them are horizontally expanded, and accordingly it 
tolerates a higher degree of shade than the small-leafed arctic forms, 
which require much light. 

Its need of a certain degree of moisture is not so marked either as, 
for instance, that of O. microcarpus; it can therefore thrive right out 
to the open water, and does not perish until it is submerged. It extends 
towards dry land until it is shaded by, for instance, Calluna and 
Empetrum; it will not thrive, or will soon die, in the shadow of trees 
(e. g. Betulo), 

It would be of interest to establish its northern limit and to com- 
pare it with corresponding conditions of the small-leafed forms. It is 
not found either on the Faroes, in Iceland, or in East and West Green- 
land, but it is of common occurrence in North America, Europé, and 
Asia, where it decreases considerably in frequency towards the south. 
Its distribution in Denmark has been mapped by Böcher. 

O. quadripetalus is tetraploid (n = 24), and in this connection it 
should be mentioned that both geographically and ecologically the 
plant has thus a higher amplitude than O. microcarpus (n = 12). 

Finally, it should be mentioned that between the three Oxycoccus 
forms referred to above, there is no difference in the size of stomata 
or pollen grains. Nor did I observe any differences in the anatomy 
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af the wood, whereas the leaves are often relatively thicker in O. micro- 
carpus (see Figs, 2 — 3). 

Oxycoccus gigas (—0. microcarpusy^O. quadripetalusl) . (n=36). 
— At first sight this form bears so great a resemblance to the ordinary 
O. quadripetalm that it may be difficult to distinguish them from each 
oiher without the use of a microscope. But if one has a sufficiently 
large material at one's disposal, O. gigas as a rule proves to be larger 
than the three Oxycoccus forms menlioned above; and many specimens 
grow to a size that O. quadripetalus will never attain; an individual 
from Finland even bore leaves measuring 0,7 X 1,5 cm. 

Fig. 1 shows a specimen of the average size, and Fig. 6 a leaf; the 
shape of the leaf often diffcrs somewliat from that of the other species. 

The flowers are large, several together, and have long, hairy stalks. 
Fig, 1 further shows a characteristic feature, viz. that O. gigas dcvelops 
vertical shoots whose leaves are more or less distinctly horizontally 
cxpanded. 

My living material was collected in the Lyngby bog near Copen- 
hagen, where the plant grows in abundance and shows a remarkable 
power of forming continuous carpets, which on account of the erect 
shoots and its entire mode of growth reminds one to a certain extent of 
Vaccinium vitis idaea. Often the carpets are so dense that only litlle 
or no space is left for other phanerogams, and even the mosses may be 
ousted by its shadow. The other Oxycoccus species, however, do not 
as a rule entirely cover the moss tufts, across which they spread 
passively, and only a minority of the shoots grow upwards. The stems 
are comparatively short, and the whole plant so robust that it acquires 
a different appearance. 

Ecologically, too, O. gigas is quite unique, of all the forms it is the 
one that can endure the highest degree of droughl; and it is often met 
with in the shape of dense, erect shrubs on the top of the moss tufts 
of the bog. It is also fairly well equipped against shade and can thrive 
below solitary trees (e. g. Betula); in such cases ils leaves are horizont- 
ally expanded and grow big and broad. All the other forms tolerate 
only very little shade. 

In Denmark the plant has been found as a rarity both in Jutland 
and on Seeland. Further, specimens from Finland and East Prussia 
are found in the Botanical Museum of Copenhagen. Otherwise the 
geographical distribution of the plant is unknown, but it would be of 
interest to have the matter cleared up. 

Judging from the morphological and ecological conditions, it 
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would be nalural to assume that O, gigas is a polyploid. And that this 
is actually the casc will be shown more in detail below. 

In the Lyngby bog near Copenhagen meiosis takes place at the 
end of May and the beginning of June, when the winter bud begins to 
grow and open, but before the flower bud has left it. 

During meiosis only the first stages are fairly regular; in meta- 
phase I (Fig. 9), however, the chromosomes are situated in such a way 
that it is possible to count them and to ascerlain that the number is 36. 
Accordingly, O. gigas is hexaploid. 



14 15 16 

Figs. 10—16. O. gigas, Fig. 10, Anaphase 1. Figs. 11—16, Metapha.ses from the 
first division in differcnt microspores. In Fig. 11, n 28; Fig. 12, n = 36; 
Fig. 13, 11=^18; Fig. 14, n = 26; Fig, 15, n = 56; Fig. 16, n = 112. — X 2880. 


After metaphase I the division stages become more and more ir- 
regular, as if the plant were a hybrid. Thus Fig. 10 shows an anaphase, 
in which it will be seen that the chromosomes do not keep company; 
and a greater number of them do not cnter the two daughter nuclei, 
but place themselves entirely outside; in the later stages the chromo- 
somes gather in larger or smaller groups and give rise to the formation 
of dwarf pollen, the size of which will depend on the number of chro- 
mosomes contained in its nucleus. 

In still later stages, meiosis is so irregular that the number of the 
chromosomes cannot be ascertained, and only by means of Feulgen’s 


408 


o. HAGERUP 


ceaction is it possible to follow the further development of the process. 
In consequence of these irregularities, it frequently happens that each 
PMC does not form four pollen grains, as is the case in all the other 
species. And if we exainine the contents of a young anther, we shall 
find, in addition to some apparently normal tetrads, many other 
»tetrads* which may contain 1 — 10 pollen grains (Figs. 17 — 25). 

The chromosome sets of such irregular pollen grains (Figs. 17 — 
25) may he examined hy mcans of a careful staining with hsemato- 
X5'lin. The metaphase must then he looked for during the first division 
in the microspore. This division takes place when the flower hud is 
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Figs. 17 — 26. O. gigas. Abnormal »tetrads» with diffcrciit numbers of pollen 

grains. — X 850. 




half-developed; it is then 2 — 3 mm. long, which stage may he found 
nt the heginning of June. 

As might he expeeted, the pollen grains (Figs. 11 — 16) prove to 
contain a greatly differing numher of chromosomes. In some of the 
figures it is distinctly seen that, as is often the case in polyploid cells, 
the chromosomes have a tendency to gather in groups of two, three, 
or more. 

Fig. 13 shows that a small pollen grain may contain 18 chromo- 
somes, and Fig. 16 shows 112 chromosomes from a large pollen grain; 
it may also he possihle to find all the figures from 1 to 4 X 36 in the 
metaphases of the pollen grains, which are mostly regular and fairly 
easy to count. 

All these stränge pollen grains do not come into funetion. Even 
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before the flower opens, they die, and the anthers then coniain nierely 
pulpy remains and resorbed pollen grains. When the flower opens, 
the anthers are empty, and no pollen will adhere to the numerous bees 
which all day suck honey from the multitude of flowers that adorn 
the Lyngby bog in the month of June. 

It is true that, after the flowering, fruits develop in the other 
Oxycoccus species with normal pollen in the Lyngby bog. However, 
if we examine the large, luxuriant tufts of O, gigas, only few fruits will 
prove to continue their growth, the*majority of them will soon stop 
growing and wither. But there always remain some which attain a 
considerable size; though they contain no embryo. I found embryo- 
sacs in the flowers examined; but the nucellus was almost entirely 
reduced. Germinated pollen (from the other species) was not observed 
by me either. 

On the other hand, (Mycorrhiza?) fungi often penelraled down 
tlirough the style, soon surrounding the barren seeds with a thick layer 
of hyphae. 

Thus, as far as I have been able to observe, seed capable of 
germinating does not seem to develop in O. gigas. That it may never- 
theless take place in exceptional cases is a hypothesis that cannol be 
entirely rejected. 

Accordingly, the plant does not seem to have sexual reproduction : 
and how it is dispersed from place to place, is a mystery. However, 
Ihe cylological conditioiis would seem to indicate that O. gigas is 
possibly a hybrid between a species with n = 12 and another with 
n = 24. If this is correct, it may have arisen several times and in 
different places, where it has then held its own and spread vegetatively. 
An argument against this supposition, however, is that at present no 
Oxycoccus with n = 12 is found, for instance, in the Lyngby bog nor 
in Denmark at all. But such a species (O. micTocarpm) may very well 
have grown there in subglacial times, and its hybrid with the sub- 
sequently immigrated O. quadripetalus (n = 24) may have held ils 
own up to the present day — thanks to the good ecological equipment 
which it possesses as a polyploid — in connection with its great power 
of vegetative propagation. 

SUMMARY* 

1) The genus Oxycoccus includes several closely related forms, 
whose chromosome numbers constitute a polyploid series, viz. n = 12, 
n == 24, and n = 36. 
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2) n = 12 in O, microcarpus, the species fouiid farlhest north, and 
which also differs ecologicaliy from O. quadripetalus, Cf. furlher 
Samuelsson (1922). 

3) n = 2 X 12. O. quadripeialus is the most commonly occurring 
species and is present in the greatest numbers. Var. microphyllus is 
its outpost to the north (Greenland). 

4) 11 = 3X12. The newly discovered O. gigas (=0. quadri- 
petalm X O. microcarpus'}) is hexaploid. It does not produce germin- 
ahle pollen, and is sexually sterile. For further dctails, see pp. 406 — 409. 

5) Accordingly, the polyploid series dealt with here attains its 
optimum at tetraploidy. With higher chromosomc numbers sexual 
rcproduclion ceases, The same thing applies to the genus Deschampsia 
(Hagerup, 1939). 
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DIE MEIOSIS BEI HAPLOIDEN PFLANZEN 
VON GODETIA WHITNEYI 

VON ARTUR HÅKANSSON 

LUND 

(With a Summary in Englisli) 


D as Material zu vorlicgender Untersuchung stammt von Dozent 
(iUNNAR Hiorth, Landwirlscliaftliclie Hochschule in Ås, Nor- 
wegen, der es mir in freundlicher Weise zwecks zytologischer Unter- 
suchung zur Verfiigung gestelit hat. Es wurden ziemlich viele Muta- 
tionen untersucht, die aus Inzuchtlinien von Godetia Whitneyi wie auch 
aus einigcn von G. amoena erhalten worden waren. Hier sollen die 
Ergcbiiisse meiner Studien uber Haploide mitgeteilt werden, von denen 
in den Kulturen mehrere Pflanzen angetrolTen worden sind. 

Die untersuchten Bliitenknospen sind in Nawaschins Fliissigkeil 
iixiert worden. Sie wurden eingebetlet und am Mikrotom geschnitten. 
Die Färbung erfolgtc mit Heidenheins Eisenhämatoxylin. Die gemach- 
ten genelischen Angaben wurden mir von Dozent Hiorth freundlichsl 
ubermittclt. Meinc Goc/r/ia-Untersiichungen sind mit Unterstutzung des 
lloKELiJND-Fonds der Universität Lund ausgefiihrt. 

Zwei haploide Pflanzen wurden untersucht, G. 4359/220 (Fixie- 
rungsnr. 211) und G. 2930/132 (Fixierungsnr. 48). Erstere ist nach 
Bestäubung mit röntgeiibehandeltem Pollen, letztere spontan entslan- 
den. Ausserdem erwies sich eine G. ajnoena-Pflanze als haploid. Es 
war dies G. 8474/581 (Nr. 214), aber Meiosisstadien konnten hier nicht 
untersucht werden. 

Die Meiosis ist an zahlreichen Haploiden studiert worden (siehe 
IvANOV, 1938). Ihr Verlauf wird von verschiedenen Forschern ver- 
schieden geschildert, was zum Teil auf das Material zuriickzufuhren 
ist, aber teilweise auch auf die Interpretation desselben, wie aus den 
Arbeiten iiber die Meiosis haploider Oenothera hervorgeht. Besonders 
schwierig ist es die Bewegungen der univalenten Chromosomen nach 
der Diakinese klarzulegen. Bei Godetia wird die Serienkombination 
der beobachteten Stadien in der Entwicklung dadurch erleichtert, dass 
die Pollenfächer in durch steriles Gewebe getrennte, kleinere Abtei- 
lungen aufgeteilt sind. Die PMZ in zwei angrenzenden Abteilungen 
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zeigen grössere Unterschiede in der Entwicklung als die PMZ in ein 
und derselben Abteilung. 

Diakinese. — Die Diakinese zeigt 7 Univalente, die deutlich längs- 
gespalten sind (Fig. la). Auch im zunächst vorhergehenden Stadium, 
wo die Ghromosomen nicht so stark kontrahiert sind, erkennt man die 
(^hromatiden sehr deutlich. Zwei Nukleolen sind bisweilen im Dia- 
kinesekern. 



Fig. 1. a: Diakincsekern. — h: PMZ mit Bivalent. — c: PMZ mit Bivalent und 
fragmentiertem Chromosom. — d, und d„: PMZ mit Kernplatte und die Chromo- 
somen dieser Platte. — «: Bivalent mit subterminalem Chiasma. — /: Ein Chromo- 
som ist ausserhalb der Spindel. — g-, PMZ mit Ringbivalent. — h\ PMZ mit zwei 

Bivalenten. 

Bivalente. — Kaum 1 % der PMZ enthalten ein Bivalent. Dieses 
war stets in der Längsrichtung der Kernspindel normal orientiert. Es 
hatte ein Chiasma, das gewöhnlich terminal (Fig. Ib), seltener sub- 
lerminal (Fig. 1 e) gelegen ist. Ein einzigesmal wurden zwei Bivalente 
beobachtet, von denen das eine deutlich heteromorph war (Fig. l/i). 
Im allgemeinen sind indessen die beiden gepaarten Ghromosomen ein- 
ander sehr ähnlich (andere Beispiele fur Heteromorphie sind jedoch in 
den Fig. 1 e und 3 a zu sehen). Einige wenige Male wurde ein ring- 
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förmiges Bivalent mit zwei terminalen Chiasmata beobachtet (Fig. Ig). 
Dass die Frequenz der Bivalentbildung von ausserhalb der Chromo- 
somen liegenden Faktoren beeinf lusst wird, darauf deutet, dass wäh- 
rend in den meisten Kleinfächern keine PMZ ein Bivalent aufweist, in 
anderen zuweilen eine, aber auch zwei oder drei PMZ ein solches ent- 
halten. Einige Forscher haben der Ansicht Ausdruck gegeben, dass die 
bei Haploiden beobachteten Bivalente keine echten solchen seien, son- 
dern auf der Verschmelzung von heterochromatischen Teilen oder 
anderem beruhten. Aber die Orientierung der Centromeren in der 
Kernspindel und das Vorkommen von subterminalen Chiasmata spre- 
chen natiirlich dafiir, dass es sich um eine wirkliche Chromosomen- 
paarung handelt, die ihre Erklärung im Vorkommen von duplizierten 
Stucken im haploiden Genom bekommt. 

Es ist bei den meisten untersuchten Haploiden eine Bivalentbildung 
koiistatiert worden, auch in solchen mit der »Grundzahl». Der Prozent 
PMZ mit eineni Bivalent ist bei verschiedenen Haploiden sehr ungleich. 
Auch innerhalb dcrselben Art kann er variieren, so bei Oenothera 
franciscana, wo in ein paar Knospen fast alle PMZ ein Bivalent hatten, 
während in einem anderen »most of the cells failed to show» ein 
Bivalent (Emerson, 1929). 

Metapliase und Anaphase, — Nach dem Verschwinden der Mem- 
bran des Diakinesekerns liegen bei di- und polyploiden Godetien Bi- 
valente und Multivalentc etwas zerstreut, aber sie ordnen sich schnell 
zu einer Melaphaseplatte. Dieses Stadium währt lange Zeit, worauf 
die Anaphase schnell stattfindet. Zufällig vorkoinmende univalente 
Chromosomen sind entweder in der Platte oder näher dem einen Pol 
beobachtet worden. Bei den haploiden Godetien verhalten sich die sel- 
tenen Bivalente wie bei den Diploiden, aber die Anwesenheit von zahl- 
reichen Imivalenten gibt ein sehr variierendes Bild dieser Stadien. 

Die Univalente sind ziemlich kontrahiert, sie haben demnach kein 
»somatisches» Aussehen. Zuweilen kann man jedoch die Stelle der 
primären Einschniirung sehen. Drei Chromosomen haben ein sub- 
medianes Centronier, zwei Chromosomen ein subterminales, sodass die 
beiden Schenkel sehr ungleich lang sind, während in zwei Chromo- 
somen der eine Schenkel etwa doppelt so lang ist als der andere 
(Fig. 2e). Die Längsspallung der Univalente ist nicht inehr wahr- 
zunehmen, sie wird erst später wieder deutlich. Einigemale wurden 
abweichende Chromosomen beobachtet. Fig. 1 c zeigt eine Zelle, in 
der ein Univalent beim Centromer zweigeteilt ist. Fig. 3 d zeigt eine 
Zelle mit einem extra Fragment. Sehr häufig liegen die Chromosomen 
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nicht in der Mitte der PMZ sondern neben der Wand. Solchenfalls 
wird die Kernspindel später, wenn sie sich stark verlängert, gekriiinnit, 
etwa halbmondförmig, da sie nicht geniigend Platz bekommt und wohl 
auch an den gerundeten Wänden nicht genugend Widerstand findet, 
als dass die Verlängerung verhindert und die Spindel gerade verbleiben 
wiirde. Friiher ist hervorgehoben worden, dass die Kernspindel bei 
schwacher Chroinosomenpaarung mit vielen Univalenten sich viel mehr 
verlängert als wenn Bivalenle vorhanden sind (siehe Beadle, 1933). 
Die Ausbildung der Kernspindel bei der haploiden Godetia ist aber sehr 
verschieden. Schliesslich sei hervorgehoben, dass ein Univalent zu- 
weilen ausserhalb der Kernspindel liegen kann. Solche Chromosomen 
scheinen zu degenericren; sie haben anscheinend kein Vermögen einen 
Kern zu bilden. Fig. 1 / zeigt ein Chroinosom ganz neben der Kern- 
spindel (und der sich ausbildenden Kernmembran), 

Es ist ziemlich schwierig während der reclit langen Zeit, die vor 
Beginn des Interkinesestadiums verfliesst, auf die Bewegungen der 
Univalenle in der Kernspindel zu schliessen. Nach Auflösuiig der Kern- 
membran liegen die Univalente ein wenig zerstreut. In vielen PMZ 
ordnen sich einige oder alle Univalente zu einer Kernplalte, aber in 
anderen PMZ findet dies offenbar nicht statt. Fig. 1 d zeigt eine PMZ, 
in der ziemlich unmittelbar nach dem Verschwinden der Kernmembran 
eine Kernplatte gebiidet worden ist, also ebenso schnell wie bei den 
Diploiden. Dies ist indesscn eine Ausnahme, die Regel ist, dass die 
Univalente sich langsam und nach und nach äquatorial ordnen. In 
den ubrigen in Fig. 1 abgebildeten PMZ ist nach Auflösuiig der Kern- 
membran sicher längere Zeit verflossen als in d; aber nur in g liegen 
alle Chromosomen in der Kernplatte. Diese ist häufig ungleichmässig; 
cs hat den Anschein, als ob es den Univalenten schwer fiele sich richtig 
einzustellen, 

Häufig kommt es vor, dass sich keines der Chromosomen äqua- 
torial ordnet. In Fig. 2 a bilden sie anstatt dessen eine sphärische 
Gruppe, als ob sie von den Polen keinem Druck ausgesetzt wären; es 
«!cheint nur die Repulsion zwischen den Centromeren der Chromosomen 
7U wirken. In diesem Stadium erscheint dann wiederum die Längs- 
spaltung (Fig. 2d) und es wird ein kugelrunder Interkinesekern ge- 
biidet (wie in Fig. 7 a). Restitutionskerne von diesem Aussehen waren 
sehr häufig. Es ist zu beachten, dass die Spaltung nicht das Centromer 
trifft; dieses verbleibt ungeteilt und hält die beiden Chromatiden zu- 
sammen, die auseinander weichen. Chromosomen mit medianem 
Centromer gleichen dann eineni symmetrischen X. Die Chromosomen 
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können indessen in der PMZ auch zerstreuter liegen. Fig. 2 h zeigt ein 
Beispiel hierfur, obgleich es vielleicht nicht ausgeschlossen ist, dass es 
in dieser Zelle triiher eine Kernplatte gegeben hat. In dieser PMZ wird 
dann ein grösserer uiid langgestreckter Interkinesekern gebiidet (wie 
in Fig. 6 a). 

Ein Univalenl ordnet sicli also nvir mitunter in eine Kernplatte ein. 



Fig. 2. — «: PMZ mit sphärischer Univalenteiigruppe. — h\ PMZ mit mehr zerstrciiten 
Uaivalenteii. — c: Vier Univaleiitc iii der Kernplatte. — d: Weitercntwicklung von 
«. — e: Die .sieben Univalente aus ciner Zcllc. — /; Fiinf Univalentc in der Kern- 
plattc. — g\ Univalente auf der Kcrnspindel zerstreut. — h\ Drei Univalcntengruppen 
in der PMZ. — i: Anaphase mit der Verleilurig 3 + 4. 


Jst es einnial dahin gekommen, kann es sich indessen auf zwei ver- 
schiedene Weisen verhalten: entweder verbleibt es in der Kernplatte 
oder auch es unternimmt eine Anaphasewanderung nach einem der Pole. 
Aber, wie sich die Chromosomen auch verhalten mögen, so verbleibt 
ihr Centromer meislens ungefeilt, also auch wenn es in der Kernplatte 
liegen bleibt. Zufolge dieser Variation im Verhalten der Univalente 
entstehen viele verschiedene zytologische Bilder, und nicht wenige von 
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diesen können nichi mit Sicherheit gedeutet werden. In bezug auf die 
in Fig. 2 c abgebildete PMZ, wo vier Chromosomen eine Kernplatte 
bilden, lässt sich unmöglich enlscheiden, wie sich die ausserhalb der 
Platte liegenden Cnivalente verhalten werdeti, In dem oberhalb der 
Platte liegenden ist das Centromer gegen die Platte gerichtet, in dem 
cinen der beiden unterhalb der Platte gelegenen Chromosomen ist es 
von der Platte gerichtet, und im zweiten sind die Chromosomenarme 
longitudinal orientiert. Die Centromeren wurden am ehesten darauf 
deuten, dass sich alle drei Chromosomen verschieden verhalten, aber 
es erscheint fast absurd, dass ein Chromosom sich am Weg zur, das 
zweite von der Platte befindet und das dritte stationär sein sollte; 
wahrscheinlicher sind alle drei stationär und die Orientierung der 
(Centromeren durfte eine zufällige sein. Eine andere schwer zu er- 
klärende PMZ zeigt Fig. 2 /. Fiinf Univalente bilden eine Platte, die 
nicht äquatorial sondern näher dem einen Pol in der PMZ liegt (die 
Umgrenzung der Kernspindel war, wie bei Haploiden häufig, undeut- 
lich, wahrscheinlich ist sie oft in irgend einer Weise abnorm), darunter 
liegen zwei Chromosomen, die ein Bivalent zu bilden scheinen. 

Fig, 3 b zeigt dagegen unzweideutig eine Polwanderung der Uni- 
valente. Hier sind, wie es scheint, alle Centromeren in jeder Gruppe in 
der Kichtung vom Äquator orientiert. Das oberste Chromosom war bei 
einer anderen Einstellung der Mikrometerschraube mehr sichtbar als 
die ubrigen, weshalb es wahrscheinlich erscheint, dass es niemals in der 
Äquatorialplatte gelegen hat. Die Befestigung von Zugfasern am Chro- 
mosom wurde beobachtet. Fig. 2 i zeigt eine 3 + 4 Verteihing; es 
scheint, als ob es hier ein Bivalent gegeben habe, dessen Chromosomen 
auf zwei Pole verteilt werden, Bivalente sind in diesem Material so 
selten, dass es nicht möglich ist zu sagen, ob dies ihr gewöhnliches 
Verhalten ist. Audi andere Verteilungen wurden beobachtet. Es ist 
sehr häufig, dass ein Chromosom am einen Pol, sechs beim anderen 
liegen (eine Vertcilung, die bei vielen anderen Haploiden angetroffen 
worden ist). Häufig beruht dies darauf, dass das einzelne Chromosom 
von Beginn an dem einen Pol näher lag und bei der Streckung der 
Spindel diesem näher gebracht worden ist, Es hat aber tatsächlich 
den Anschein, als ob die Anaphasenverteilung 6 + 1 einer Kernplatte 
häufiger auftritt, als man auf Grund der Zufallsgesetze erwarten wiirde. 
In den Fig. 3 r und d sehen die Chromosomen. der einen Polgruppe 
ganz so aus wie in einer normalen diploiden Gruppe. Bei der Ana- 
phasenwanderung resultieren zwei Interkinesckerne wenn die beiden 
Chromosomengruppen gut getrennt sind. Oft sind jedoch die Chromo- 
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somen längs der Kernspindel zerstreut (Fig. 2g), und dann entsteht ein 
einziger, aber langer und schmaler Interkinesekern. 

Häufig gibt es auf der Kernspindel mehr als zwei Chromosomen- 
gruppen. Fig. 2 h zeigt am unteren Pol eine, am oberen Pol zwei 
Chromosomen, während vier Chromosomeii zunächst eine unregelmäs- 
sige Kernplatte bilden. Fig. 3 a zeigt ein Ghromosom an jedem Pol, 
während die iibrigen nahe des Äquators liegen. Andere Beispiele fiir 
drei Gruppen sind Fig. 4 / und g. Es werden auch. wenngleich sellen, 


% 



o ^ 




Fig. 3. — a: Drei Chromsomengruppen auf der Spindel. — b\ Anaphase 3 + 4. — 
c: Anaphase 6 + 1. — d: Späte Anaphase 6 + 1. — e: PMZ mit Fragment. — /: PMZ 
mit Kernplatte und zwei isolierten Chromosomen. — g\ Quergeschnittene Univalenten- 
platte. — /i: Ditto. Weitereiilwicklung von g, — i: Anaphascchroinosom mit 

Zugfasern. 


drei Interkinesekerne gebiidet (Fig. 6d). Die in Fig. 6 g abgebildete 
Lage der drei Kerne ist vielleicht infolge einer starken Streckung einer 
peripher liegenden Kernspindel entstanden, wobei ein bzw. zwei Chro- 
mosomen, die nahe den Polen gelegen sind, weit weg geschoben wor- 
den sind. 

Wir kommen schliesslich zu dem Fall, in dem die Univalente sich 
in eine regelmässige Platte geordnet haben, diese aber dann nicht ver- 
lassen. Fig, 3 f ist etwas ungewöhnlich. In der gleichen Ebene liegt 

Heredltaa XXVI. 27 
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eine Kernplalte mit funf Chromosomen und jederseits dieser ein ein* 
zelnes Chromosom. Letztere liegen ausserhalb der Spindel. In Fig. 3 g 
hat die PMZ eine Platte mit 7 Chromosomen, von denen einige eine 
Andeutung zu Teilung aufweisen; Fig. 3h zeigt auch eine Kernplalte 
von der Polseite; aber hier haben die Chromosomen begonnen Inter- 
kineseform anzunehmen. Fig. 4 a zeigt eine solche Kernplatte von der 
Seite; um eines der Chromosomen gibt es eine Andeutung zu Mem- 



TT T’ 1 ?'?* Keniplatle, dU* Univalentt* nehinen Interkinesflorm an ^ 
/>: Vier Uidvalente bei dem Pol drei in d#.r o u 

Platte. d: Ftinf Univalente S deT Platte ™ el ^ 

fund o“'ir“-7h^ ■M-heinen sehr langgcstreckl und leilweise fragmeutferl lu sein -■ 
/ und g. »rci Chromosotnengruppen auf der Spindel. - f- Teilung der Univalcnte '(?). 


hran. I),e Chromosomen haben auch das gleiche Aussehen wie beim 

ÄSr/ r Interkinese (vgl. Fig. 5). Oft entsteht grosse 

uirSe 2; dass es sich aber nicht 

uin dieses Stadium handelt, ergibt sich bei einem Vergleich mit den 

anderen PMZ im Klemfach und aus den Fällen, in denen nur ein Teil 
der Chromosomen m der Platte liegt. Fig. 4 b zeigt vier Chromosomen 
am emen Pol, wahrend nur drei im Äqualor liegen. In Fig 4 c liegen 
dagegen sechs m der Kernplatte, und in Fig. 4d schliesslich S" 
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während hier ein Chromosom an jedem Pol liegl. Man wurde nun 
erwarten, dass sich die Chromatiden trennten und eine Längsteilung 
wie bei einer pseudohomotypischen Teiiung einträte. Aber ein sicherer 
solcher Fall ist nicht beobachtet worden. Die Chromosomen in der 
Platte sehen oft wie kleine Bivalente aus, ihre Chromatiden sind stark 
ausgespannt, als ob sie von verschiedenen Richtungen einem Zug aus- 
gesetzt seien, aber der Kontakt zwischen ihnen scheint im allgemelnen 
nicht verloren zu gehen. Es liat den Anschein, als ob die Kernspindel 
sich verlängert und das Centromer sich am Nullpunkt befindet. Oder 
es kann aussehen, als ob das Centromer geteilt ist, die Tochtercentro- 
meren aber durch einen Faden verbunden sind. Schliesslich bekommt 
man mitunter den Eindruck, als ob das Chromosom eine Querteilung 
statt einer Längsteilung erfahren sollte (»misdivision of centromere»; 
Darlington, 1939). Die Chromosomenarme sind nämlich oft in der 
Längsachsel der Spindel (Fig. 2 h), Die am Äquator liegenden Chromo- 
somen bekommen hierdurch ein anderes Aussehen als die an den Polen 
liegenden (Fig. 4t e), Die zunächst folgende Entwicklung erschien 
schlecht fixiert. Sowohl bei 48 wie bei 211 waren die aus der Kern- 
platte gebildeten Interkinesekerne äusserst undeutlich. Sie waren wenig 
färbbar, und was man von den Chromosomen sehen konnte waren 
lange Schleifen oder inehr oder weniger zahlreiche Fragmente (noch 
undeutlicher als in Fig. 4e abgebildet). Fig. 4 i zeigt vielleicht eine 
Teiiung der Univalente. 

Bei den Godeiia W/ir7neyi-Haploiden kann demnach von einer 
»zufallsweisen» Verteilung der Univalente auf die beiden Pole keine 
Rede sein. In den allermeisten PMZ wird ein einziger Interkinesekern 
mit sieben Chromosomen gebiidet. Und wenn zwei Kerne gebiidet 
werden, was in kaum mehr als V4 der PMZ vorkommt, so ist es das 
häufigste, dass der eine nur ein Chromosom enthält (also die »Ver- 
teilung 6 + 1»). Aber eine Verteilung von 2 + 5 und 3 + 4 wurde 
natiirlich verschiedenemale beobachtet; sie entsteht am häufigsten 
durch eine Polwanderung von einer Kernplatte. Wie wenn es sich um 
die Bivalentbildung handelte, konnte man librigens auch beim Studium 
der Meta-Anaphase konstatieren, dass bei den im gleichen Kleinfach 
gelegenen PMZ eine Tendenz bestand, sich gleichartig zu verhalten. So 
hatten fast alle PMZ in einem Kleinfach von Pflanze 48 eine Gruppe 
von sechs Chromosomen und ein einzelnes Chromosom. In einem 
anderen Kleinfach zeigten dagegen 11 PMZ »7 + 0» und 2 PMZ 
»6 + 1 ». 

Beim Ubergang zur Interkinese ist die Längsspaltung in den Chro* 
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mosomen wiederum sichtbar, wobei jedoch das (lentromer ungeteilt 
verbleibt* Fig. 3 c zeigt eine Anaphase mit noch ungeteiiten Chromo- 
somen, die Chromosomenverteilung scheint 6 -f 1 zu werden. tig. 3d 
hat die gleiche Verleilung in eineiii etwas späteren Stadium; hier ist die 
Spaltung deutlich. In Fig. 5 a sind die Chromosomen beim Eintritt in 
das Interkinesestadium längs einer periphcren Kernspindel zerstreut, 
Fig. 5 b ist ähnlich. aber es sclieinen zwei Kerne nebcneinander gebiidet 



Fig. 5. — a — c: Ubergang zur Interkinese bei verschiedencr Lage der Univalenten. — 
d: Anaphase, ein Univalcnt verspätet. — c: Das Centromcr in dem verspäteten Uni- 
valcnt ist geteilt. — /: Interkinese, ein Centromcr ist getcilt. — g: Einige Centromere 
in dem Interkinesekeni sind geteilt. 

ZU werden, die wahrscheinlich bald verschmelzen. Die Kernbildung 
beginnt rund um jedes Chromosom, und wenn diese getrennt liegen, 
tritt gelegentlich das Bild von Kleinkernen auf, die dann ineinander 
ubergehen. In Fig. 5 c ist ein stundenglasförmiger Interkinesekern 
gebiidet worden. 

Zuweilen kommt es wirklich zu einer Teilung des Centromers. 
Dies kann in einem in der Kernspindel verzögerten Chromosom vor- 
kommen (was auch bei untersuchten di-polyploiden Typen beobachtet 
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worden ist). Fig. 5 d zeigl drei Chromosoinen an jedem Pol, während 
ein verspätetes Univalent sich in Teilung befindet. Fig. 5 e isl ähnlich, 
aber die beiden Längsliälften sind weit getrennt. Fig. 5 / zeigt eine 
unrcgelmässigere Verteilung. Ani oberen Pol liegen zwei Chromoso- 
men, von denen das eine sich zu einem Kleinkern ausgebildet hat; am 
unteren Pol gehören vier Chromosoinen zu einem Kern, dessen Mem- 
bran noch nicht fcrtig ist. In der Mitte der PMZ gibt es zwei 
Chromatiden, deren Umbiegung zeigt, dass das (Lentromer in einem 
Univalent geteilt worden ist, und dass darauf eine Repulsion der Toch- 
Icrcentromeren stattgefunden hal. l)as obere dieser (Chromatiden hat 
einen eigenen Kleinkern gcbildet, in bezug auf das iintere ist es un- 
gewiss, ob es in den grossen Kern eingehen wird. Fig. 5 g zeigt einen 
Interkinesekern, in dem die Centromeren in einigen der (Chromosoinen 
geteilt sind; am deutlichsten in bezug auf die l>eiden V-förmigen 
(Chromatiden rechts im Kern. 

Interldnese. — Im Interkinesekern wurden einige Beobacht ungen 
iiber Nukleolen gemachf. Seit Heitz ist nachgewiesen, dass Nukleolen 
an bestimmten (Chromosoinen, so hesoiuiers an SAT-(Chromosomen, 
gebiidet werden. In den Fallen wo SAT-( Chromosoinen fehlen, gleich- 
wie auch achromatische ECinschniirungen an anderen Chromosomen, 
werden Nukleolen an den Enden gewisser Chromosoinen gebiidet (siehe 
(lEiTLER, 1938, S. 29 und Matsuura, 1939). Da ich keine guten somati- 
schen Teilungen zu studieren (ielegenheit hatte, kann ich inich iiber das 
ev. Vorkominen von achroinatischen Teilen in den (fodehV/-(Chromo- 
soinen nicht äussern; aber wahrscheinlich gibt es SAT-(Chromosomen. 
Es zeigt sich nämlich, dass in der Interkim^se zwei Chromosomen 
»nukleolenbildend» sind. Das eine dieser (Chromosomen hat ein sub- 
terminales (Centronier und einen Nukleolus ain einen Ende, wo sich 
wahrscheinlich ein Satellit befindet, wenngleich er in diesem Stadium 
undeutlich zutagetritt (siehe Fig. 6 b u. /). Das zweite hat den Nukleolus 
submedian (siehe Fig. 6e), 

Das Chromosom, das den Nukleolus terminal biidet, bekommt 
eigentiimlicherweise gern Zwillingsnukleolen von ganz gleicher Grösse 
(Fig. 6 e und g), Diese scheinen später zu einem vereinigt worden zu 
sein (Fig. 7 a). Es ist schon hervorgehoben worden, dass die Chromo- 
somen in diesem Stadium längsgespalten sind; das Vorkommen von 
Zwillingsnukleolen zeigt, dass der nukleolenbildende Teil des Chromo- 
soms auch doppelt ist. Die Grösse des Nukleolus ist vom Chromosom 
abhängig; es zeigt sich ja, dass zwei identische nukleolenbildende Teile 
auch glekh grosse Nukleolen bilden. 
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Wenn die PMZ einen Interkinesekern enthält, hat er in den 
meisten Fällen nur einen einzigen Nukleolus, und dieser pflegt an dem 
Chromosom befestigt zu sein, das den Nukleolus terminal ausbildet; 
dieses ist also am wichtigsten, es hat das grösste nukleolenbildende Ver- 
mögen (Fig. 6 p, 7 a, während Fig. 6 a, wie es scheint, ein anderes 
Verhalten aufweist). Seltener bilden beide Chromosomen im Kern 
einen Nukleolus (Fig. 6e). Fig. zeigt eine Interkinese mit der 



Fig. fi. — a: Interkinesekern mit eineni Nukleolus. — b und c: die »nukleolenbildeii- 
den» Chromosomen sind auf zwei Kerne vcrteill. — d: Sie sind wahr.scheinlich beide 
in dem Interkinesekern mit vier Chromosomen. — e: Beide haben Nukleolen gcbib 
det, das »terminale» Zwillingsnukleolen, Irotzdcm sie sich in demselben Kerne be- 
fanden. — /: Das »terminalo» Nukleolenchromosom. — g: Kern mit Zwillings- 
nukleolen. — h: PMZ mit drei Interkinesekernen. 

Chromosomenverteilung 5 + 2 uiid die beiden nukleolenbildenden 
Chromosomen liegen in verschiedenen Kernen. Ähnlich ist Fig. 6 c. 
Die Abwesenheit einer Konkurrenz vom »terminalen Chromosom» gibt 
dem anderen Gelegenheit einen Nukleolus auszubilden. In Fig. 8 a 
haben dagegen die beiden Pollenzellen mit zwei (Chromosomen keinen 
Nukleolus, und dies diirfte wohl darauf beruhen, dass beide nukleolen- 
bildende Chromosomen in den 5-chromosomigen Interkinesekern ein- 
gegangen sind. Von den drei Interkinesekernen in Fig. 6 d enthält 
nur einer, der mit vier Chromosomen, einen Nukleolus, was wahrschein- 
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lich auf das Gleiche beruht, dass nämlich beide Nukleolenchromosomen 
in den gleichen Kern gelangt sind. 

Matsuuba (1939) hat gezeigt, dass es bei Trillium kamtschaticam 
zwei nukleolenbildende Chromosomen gibt (die Nukleolen werden am 
einen Ende von Chromosom A und E gebiidet). Bei asynaptischen 



Fig. 7. Die zweite Teilung. — a und b: Interkiiiese. — c und d: Ubergang zur 
Metaphase 2. — e: Anaphase 2. — /: Metaphase 2. — gi Späte Anaphase. — h: Die 
Pollenkerne sind gebiidet. — i; PMZ mit zwei Kernspindelti. 


Pflanzen» wo die Chromosomen in der Meiosis isoliert bleiben und ver- 
schiedene Kleinkerne bilden, zeigte es sich, dass alle das Vermögen zur 
Bildung eines Nukleolus haben. Dieses Vermögen ist bei A und E nur 
viel grösser, sodass die Anwesenheit eines dieser in einem Kern die 
anderen Chromosomen an der Bildung eines Nukleolus hindert. Aber 
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es scheint, als ub haploide Godetia sich in anderer Weise verhielten. 
Man findet häufig Kerne mit einem oder einigen wenigen Chromo- 
somen ohne deutlichen Nukleolus. Alle Chromosomen scheinen hier 
kaum das Vermögen zur Bildung von Nukleolen zu besitzen. 

Die zioeiie Teilung. — Diese wurde nicht so eingehend studiert, 
wie erwunscht war, da sie recht schlecht fixiert war. Fig. 7 a — h zeigt 
den Verlauf der Teilung eines Interkinesekerns mit 7 Chromosomen. 
lir erfährt zuerst geni eine Kontraktion (Fig. 7 b), Kernmembran und 
Nukleolus werden aufgelöst, und die ('.hromosomen, deren Ghromatiden 
stark auseinander weichen, aber von den ('.entromeren zusammenge- 
lialten werden, liegen zuerst ein wenig unregelmässig (Fig, 7 c und d), 
ordnen sich aber daiin zu einer Kernplatte (Fig. 7 /). Wenn die Meta- 
phase iliren Höhepunkt erreicht, sind die ('Jiromosomen stärker kon- 
trahierl und nicht mehr X-ähnlich (Fig. 7 /, vgl. 7 i). Die Anaphase 
ist in Fig. 7 e und g abgebildet, die Schwesterchromatiden trennen sich. 
In den 7-clironiosomigen Telophasenkernen wird der Nukleolus am 
einen Chromosom gebiidet (Fig. 7 /i). Schliesslich wird eine Pollen- 
diade gebildet (Fig. 8 a). 

Wenn es mehrere Iiiterkinesekerne gibt, werden sie alle geteilt 
(Fig. 7 i). Sie konnten nicht näher studiert werden, Wena der eine 
Interkinesekerii nur ein Cdiromosom hatte, wurde seine Membran je- 
doch aufgelöst und er teilte sich; aber es hatte den Anschein, als ob 
er während dieser Teilung zuweilen in die grössere Kernteilungsfigur 
einverleibt wurde, Solchenfalls sollte aus zwei Inlerkinesekernen mit 
6 und t (chromosomen anstatt einer Tetrade mit zwei Zwergzellen eine 
Diade entstehen. Nicht selten wurde nur eine Zwergzelle beobachtet. 
Wahrscheinlich haben sich die (chromatiden nicht getrennt. Zuriick- 
gebliebene Chromosomen wurden während der zweiten Teilung beob- 
achtet. Es handelt sich, wie aus anderem Godetia-Mnierml hervorgeht, 
um (chromatiden von (chromosomen, deren (centromeren friiher geteilt 
worden sind. 

Sporaden, — Als Folge der Meiosis resultiert eine grosse Anzahl 
von Pollendiaden, obgleich es offenbar ist, dass der % in verschiedenen 
Kleinfächern beträchtlich variiert. Ferner gibt es Tetraden mit ver- 
schieden grossen Zellen (siehe Fig. 8 a), Triaden, deren Bildungsweise 
nicht klargelegt werden konnte, was auch fiir vereinzelte Monaden gilt. 
Auch Pentaden wurden, wenngleich selten, beobachtet (siehe Fig. 8 6). 
Bei einer Auszählung waren von 182 Sporaden 129 Diaden, also 71 %. 
Ein grosser Teil des Pollens bekam also trotz der Haploidie die nor- 
male Chromosomenzahl. Ferner gab es 28 Tetraden, also 15 %, 11 
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Tmden und 2 Pentaden. Trotz des Verlaufes der Meiosis ist diese 
Haploide indessen nur schwach fertil. Bei Selbslung von 48 wurden 
keine Nachkommen erhalten. Dass aber befruchtungsfähigc Pollen- 
körner gebiidet wurden, zeigte deutlich diploides 9 X haploides cf, 
welche Kreuzung als Resultat 28 Pflanzen lieferte. 

Schliesslich sei erwähnt, dass bei der haploiden Pflanze von Godetia 
amoena die Meiosis in anderer Weise verlaufen ist als bei WhitneyL 
Teilungsstadien gab es im fixierten Material nicht, aber die Frequenz 
von Diaden unter den Sporaden war, auf Grund der recht fragmentari- 
schen Studien zu urteilen, niedrig. So wurden in einer Antherc, die 
teilweise Sporaden enthielt, 4 Diaden, 4 Triaden, 8 Tetraden, 6 Pentaden 
und 6 Hexaden gezählt. Es ist klar, dass hier die Univalente mehr 



Fig. 8. - a und h: Sporaden. — c: G. amoena. Somutisehe Kcrnplatle. — 
d: G. amoena. Pollenkörner. 


zerstreut gewesen sind, sodass nur selten ein, dagegen oft drei Inter- 
kinesekerne gebiidet worden sind. Die Chromosomenzahl wurde in 
somatischen Platten bestimmt. Fig. 8 c ist von einer Tapetumzelle. 
Diese pflegen in der Regel viele Chromosomen zu enthalten, aber mit- 
unter bleibt die Chroniosomenvermehrung aus. 

Die Pollenkörner der haploiden amoena waren von sehr variieren- 
der Grösse und Form. Zwei sind in Fig. 8d abgebildet. Indessen 
scheint Nr. 214 laut Angaben von Dozent Hiorth fertiler zu sein als 
haploide WhitneyL Bei Selbstung wurde eine geringe Anzahl Samen 
erhalten, bei spontaner Kreuzung eine viel grössere Anzahl. Die Eizellen 
sind hier vielleicht besser als bei haploider WhitneyL 

Die ausserordentlich hohe Prozentzahl von unreduzierten Pollen- 
körnern ist uberraschend. Pollendiaden sind bei vielen Haploiden fest- 
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gestellt worden, und auch dass solche aus unreduzierten Zellen bestehen 
können, aber der Proasenl PMZ mit ausgebliebener Reduktion ist gering 
und schwankcnd, da er von äusseren Faktoren beeinflusst zu werden 
sclieint. Ein recht hoher % wurde bei haploider Datura stramonium 
gefunden; nach Auszählung von Diaden wurden in einem Fall 10 
aber in einem anderen 29 % Non-Reduktion berechnet (Belling und 
Blakeslee, 1927); in einer diploiden Form, die durch ein rezessives 
Gen bedingte vollständige Asynapsis hatte, gab es dagegen nur 0 — 8 % 
Non-Reduktion (Bergner, Cartledge und Blakeslee, 1934). Nur bei 
einer haploiden Matthiola incana mit 7 Chromosomen und einem Frag- 
ment wurde eine ähnliche Prozentzahl wie bei Godetia^ nämlich 70, 
gefunden, obgleich hier der Mechanismus, der zur Bildung der Diaden 
fuhrte, ein anderer war (Lesley und Frost, 1928). 

Bei haploider Whitneyi wird das Centronier der Univalente wäh- 
rend der Meiosis einmal geteilt, und dies ziemlich spat, sodass es bei 
Eiatritt der Interkinese noch nicht stattgetunden hat. Nur selten ertolgt 
die Teilung truher und dann in einem verspkteten Anaphasechromosom, 
dessen (Uiromatiden dann häutig Zwergkerne bilden, diese können aber 
auch in einen grösseren Interkinesekern aufgehen. In der Regel liegen 
die Univalenle so nahe aneinander, dass nur ein Interkinesekern ge- 
bildet wird. Dies beruht darauf, dass sich die Kernspindel nicht nen- 
nenswert gestreckt hat oder dass die Chromosomen bei der Streckung 
sehr zerstreut liegen. Eine variierende Anzahl von Univalenten biidet 
eventuell eine Kernplatte, sie sind, wie man sich auszudrucken pflegt, 
bipolar geworden, sie werden von den beiden Polen in der Kernspindel 
repelliert. Dieser bipolare Zustand geht bisweilen nicht verloren, son- 
dern der Interkinesekern wird um die Aquatorchromosomen gebiidet, 
die hierbei gern ein eigentumliches Aussehen annehmen (teilweise ähn- 
lich dem von Ptlanze B 7 von asynaptischem Pisum sativum; siehe 
Koller, 1938). In der Regel werden auch in diesem Fall die Centro- 
meren nicht geteilt. Dagegen ist offenbar, dass die Univalente die Kern- 
platte verlassen und nach einem der Pole wandern können. Uberhaupt 
verhalten sie sich wie eventuell vorkommende Univalente von diploiden 
G. Whitneyi-Formen (siehe Håkansson, 1940). 

Wenn haploide Ptlanzen unreduzierte Pollenkörner bilden, kann 
dies, wie bei G. Whitneyi, durch die Bildung von Restitutionskernen 
geschehen, indem die Centromeren der Chromosomen bis zur zweiten 
Teilung ungeteilt verbleiben. Es resultiert eine Pollendiade. In an- 
deren Fällen kommt es zu einer (laut Gustafsson, 1935) pseudohomo- 
typischen Teilung, Die Univalente bilden eine Kernplatte, ihre Centro- 
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tneren teilen sich in dieser und es werden zwei Tochlerkerne gebiidet. 
Eine neue Teilung findet nicht statt, sondern auch hier resuUiert eine 
Pollendiade. 

Der erste Weg ist wohl der häutigste. Bei haploidem Triticum 
dumm coerulescem können wie bei Godetia ein oder mehrere Inter- 
kinesekerne gebiidet werden, abhängig von der Lage der Chromosomen 
in der Kernspindel (Km ara, 1936). Laut Kihara liegen bei Triticum- 
Bastarden eventuelle Univalente in friiher Mctaphase im allgemeinen 
an den Polen, um darauf hinunter in die Äquatorialregion zu wandern 
und eine Kernplatte zii bilden. Bivalente ordnen sich dagegen fruh in 
die Platte ein. Wenn nun bei in Frage stehenden Haploiden die Uni- 
valente in die Interkinese iibergehen, während sie sich an den Polen be- 
finden, so werden zwei Inlerkinesekerne (eine Regressionsdiade ) gebii- 
det. Erfolgt dies später, wenn alle oder ein Teil von ihnen den Äquator 
crreicht haben, so wird ein Kern (eine Regressionsmonade) von sehr 
variierender Form gebiidet. Die Entstehung einer Regressionsdiade als 
Folge von Anaphasenwanderung der Univalente von der Platte nach 
den Polen kommt also hier nicht vor, dagegen aber sicherlich bei der 
haploiden G. Whitneyi. Ein Restitutionskern wird zuweilen bei ha- 
ploiden Oenothera blandina gebiidet ((Latcheside, 1932). Hier sollen 
sich die Univalente Iriih in eine Kernplatte einordnen. Später erfolgt 
die Polwanderung der Univalente, und wenn diese sehr zerstreut liegen, 
kann ein einziger Interkinesekern gebiidet werden. 

Laut Bleier (1933) ordnen sich dagegen bei haploiden Oe. fråtx- 
ciscana und Hookeri die Univalente erst spät in eine Kernplatte ein. Die 
Bildung von zwei Kernen erfolgt also bei diesen wie bei Triticum und 
nicht wie bei Oe. blandina, Die Univalente, die die Kernplatte erreicht 
haben, erleiden eine Längsteilung und die »Spalthälften» werden ent- 
weder auf zwei Pole verteilt oder sie gelangen in einen einzigen Kern. 
Es geht nicht richtig klar hervor, ob eine Teilung der Centromeren 
immer stattgefunden hat, aber es erscheint wahrscheinlich, dass hier 
der Restitutionskern von der Kernplatte gebiidet werden kann. Bleier 
ist ferner der Ansicht, dass die Chromosomen in beiden Teilungen geteilt 
werden können, dass also die Centromeren zweimal geteilt werden, 
aber andere Forscher haben dies nicht gefunden. Bei diesen beiden 
Haploiden sollten demnach laut Bleier beide Typen und uberdies 
doppelte Teilungen der Centromeren vorkommen können. Bei haploider 
G, Whiinegi kann vielleicht zuweilen auch eine pseudohomotypische 
Teilung vorkommen, was jedoch nicht sicher festgestellt worden ist; 
aber die Erfahrungen von anderen Godetia-Fovmen zeigen, dass das 
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Centromer nur einmal geteilt wird (Håkansson, 1940), nach der pseudo- 
homotypischen Teilung also eine Pollendiade gebiidet wird. 

Ein typisches Beispiel fiir pseudohomotypische Teilung haben wir 
bei der fruher erwähnten haploiden Matthiola incana. Hier bilden die 
Univalente eine Kernplatte, erfahren eine Längsteilung, worauf zwei 
Tochtergruppen gebiidet werden. Die zweite Teilung unterbleibt und 
es entsteht eine Pollendiade. Nur in einer geringeren Anzahl von PMZ 
haben sich die Chromosomen nicht geteilt, sondern wurden nach dem 
Zufall auf die zwei Pole verteilt. In diesen PMZ fand dann die zweite 
Teilung statt und es wurden Triaden und Teträden gebiidet. Dies 
scheint das beste Beispiel fiir eine pseudohomotypische Teilung bei 
Haploiden zu sein. Aus den Beschreibungen von haploiden Datura 
•ttramonium könnte man zur Auffassung gelangen, dass diese Teilung 
hier stattfindet, aber eine spätere Abhnndlung uber eine asynaptische 
diploide Datura gibt an, dass die Univalente sich dort wie bei den ha- 
ploideu verhalten und diese diploide Form biidet Restitutionskerne. Bei 
haploiden Crepis capiUaris sollen die Univalente in seltenen Fallen in 
der Anaphase 1 geteilt werden ( Hollingshead, 1930). Einwände gegen 
die Deutung der Stadien in dieser Arbeit sind jedoch voi gebracht >vorden 
(Bleier, 1. c. S. 157). 


SUMMARY. 

Meiosis in two haploid plants of Godetia Whitneyi was studied. 

Bivalents occur in less than 1 % of the pmc. The bivalents havc a 
terminal or a subterininal chiasma. A few pmc had a ring bivalent. 
'Phe bivalents indicate duplications in the haploid chromosorae set. 

In many pmc no metaphase plate is formed, in other pmc all or 
some of the univalents form a plate. 

The univalents in the plate may go to the poles or remain in the 
plate. 

Only very seldom does a centromere divide before interkinesis. 

In most pmc only one interkinesis nucleus is formed. If there are 
two or three well separated groups of chromosomes two or three inter- 
kinesis nuclei are formed. 

In interkinesis nuclei two chromosomes are able to form a nucleolus. 
One has the nucleolus terminally and may form twin nucleoli, the other 
has the nucleolus submedially. The former is the more important, 
because when both chromosomes are in the same nucleus, in most cases 
only this one has a nucleolus. 
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The second division proceeds norma lly, the centroineres splittii^g. 
About 70 % pollen diads with the unreduced chroniosome number 
are formed. 

A haploid G. amoena had few diads bul pentads and hexads. 
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CHROMOSOME NUMBERS AND POLY- 
PLOIDY WITHIN THE FLORA OF SPITZ* 

BERGEN 

BY KARL FLOVIK 

STATE AGRICULTURAL EXPERIMENT STATION, HOLT, TROMSÖ, NORWAY 


T he extensive investigations of recent ycars on both cxperimentally 
produced polyploids and polyploids in nature have led to results 
which have greatly increased our knowledge of the evolutionary methods 
of nature. There can hardly be any doubt at present that polyploidy 
(ihe term including both autopolyploidy and allopolyploidy ) has played 
a very prominent evolutionary role. 

One of the problems to which many investigators have devoted 
their allention is the adaption of polyploids to extreme conditions of life. 
In this connexion it is of interest to call attention to Ihe fact that in 
those cases in which both diploid and polyploid »races» occur within a 
Linnean species it has frequently been found that the polyploids have 
a more northern or alpine habitat than the diploids. As a classic 
example of this we may mention Biscutella laevigata (Manton, 1934). 
The polyploid forms of this species have their habitat in C.entral Europé, 
within those regions which were ice-covered during the great glaciation, 
while the older, diploid forms have their habitat in the lower lying 
regions that were not forinerly covered with ice. In Empetriim we have 
an example where the polyploid race, E. hermaphroditum, has a 
pronouncedly arctic distribution, while the diploid £. nigrum has a more 
Southern habitat (Hagerup, 1927). In this case the polyploid race has 
been made into a separate species. Several instances of this kind have 
been recorded by various authors (cf. Möntzing, 1936). 

As known, the above-mentioned slate of things, however, is not by 
any means an absolute rule, many cases in which conditions are the 
reverse having been met with. As extremes in this respect may be 
mentioned Vaccinium uliginosum (Hagerup, 1933) and Campanula 
rotmuUfolia (BdCHER, 1936). In these two species the diploids have a 
more marked arctic distribution than the polyploid races. 

Apart from such intraspecific chromosomal races as those ment- 
ioned above, several authors have called attention to the fact that species 
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wilh high chromosome numbers seem to have a more northenily or 
alpine habitat than closely related species, within the same genus or 
family, with lower chromosome numbers. Täckholm (1922) first 
demonstrated this difference in geographical distribution between spec- 
ies with different chromosome numbers in the genus Rosa, species with 
the most northern area of distribution having the highest number, while 
species with lower numbers are more confined to a warmer climate. 
Wilh regard to the Bicornes group Hagerup (1928) was able to show 
that the species growing farthest to the north were invariably those 
with the highest polyploid numbers. Similar conditions seem to prevail 
within the Cactaceae (cf. Stockwell, 1935). 

This interesting correlation between polyploidy and geographical 
distribution has been extensively studied by Hagerup (1928, 1931) and 
especially by Tischler (1934). These investigators have cmphasized 
the facl that polyploidy is a very important means, which in many cases 
renders possible an advance towards and an occupation of climatically 
imfavourable regions in which the diploids do not thrive. In other 
words the polyploids seem to be better adapted for extreme environ- 
mental conditions than the diploids. Consequently, the flora in such 
unfavourable regions should be richer in polyploids than usual, and 
Tischler has shown this to be the case in a comparison between the 
flora of Sicily and Iceland. While only 31 per cent of the examined 
species from Sicily were polyploids, the corresponding figure for Iceland 
was 55 per cent. Illustrative examples of this tendency to an increased 
number of polyploid elements in the flora from climatically unfavour- 
able regions have been recorded recently by Sokolovskaja and Strel- 
KOVA (1938). These authors have made extensive cytological studies 
of the flora of the high-alpine regions of Pamir and Altai. In Pamir, 
where very unfavourable conditions, climatic as well as all other growth 
requirements, prevail, polyploids were predominant, viz. 85 per cent 
polyploids among altogether 150 species examined. From the high- 
alpine zone of Altai, where the climate is somewhat milder than in 
Pamir, 200 species were examined, and of these 65 per cent were found 
to be polyploids. 

Although an extensive material is already available to throw light 
on various problems in connexion with polyploidy, opinions still differ 
not the least as to tlie relation between polyploidy and geographical 
distribution. In connexion with the above-mentioned observations the 
present investigation of the high-arctic flora from Spitzbergen may 
therefore be of interest. 
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The material oii which this invesligation is based was collected at 
IsJJorden. The greal majority of the chromosome numbers was deter- 
iiiined in root-tip preparations, The fixative employed was La Cour’s 
2 Bl) or other fixalives containing osmic acid. A few sections were 
fixed hl »Navashin». The slain used was gentian violet. 

Some of Ihe chromosome mimbers found in material from Spitz- 
bergen ha ve already bcen published, viz. Ihose for the genus Ranunculm 
and the family Gramineae (Flovik, 1986, 1938), but in a complete 
survcy like this it may be of interest to include also those in the list* 
The species examined and their chromosome numbers are tabulated in 


the following list — the diploids are deiiolcd by an asterisk (*). 

Species 2n 

(iramineae. 

Alopecuriis alpimis Sm 112 + 3ff, 114 + 2 ff, about 130 + If 

Arctagrostis latifoHa (H. Br.) (Jriseb 62 

Arctophila fulva (Trin.) Rupr 42 

Calamagrostis neglecta (Ehru.) P. B 28 

Deschampsia alpina Rohm. et Schult 89, 41, 49 

Diipontia Fisheri R. Br 88 + ff 

Diipontia Fisheri R. Br. var. psilosantha (Rupr.) Schol. . . 44 + ff 

Festiica nibra L, var. arenaria (Osb.) E. Fries 42 (+ If) 

Fcstnca ovina L. var. hrevifolia (R. Br.) Hart 28 

Festuca ovina L. var. vivipara L 49 

Hierochloe alpina (Liljebl.) Roem. et Schult 56 

Phippsia algida (Soland.) R, Br 28 

Phippsia concinna (Th. Fries) Lindeb 28 

Phippsia concinna (Th. Fries) Lindeb. var. alyidiformis 

(Smith) Holm 29 

Poa abbreviata R. Br 76 -f 

Poa alpigena (E. Fries) Lindm 84, 77 + 

Poa alpigena (E. Fries) Lindm. var. colpodea (Th. Feries) 

Schol 51 + 6 ff 

Poa alpigena (E. Fries) Lindm. var. vivipara (Malmgr.) 

Schol 42 + 4ff 

Poa glauca Vahl 70 72 

Poa alpina L. var. vivipara L 44 ^ 42 + 4ff 

Poa arctica R. Br 55 

Poa arctica R. Br. var. vivipara (Malmgr.) Schol 56 

Puccinellia angustata (R. Br.) Rand. et Redf 42 
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Puccinellia phryganodes (Trin.) Scribn. et Merr 28 

Puccinellia Vahliana (Liebm.) Scribn. et Merr 14^ 

Trisetum apicatum (L.) Richt 28 

Betulaceae. 

Betula nann L 28 

Polygonaceae. 

Oxyrin digyna (L.) Hill 14**^ 

Polygonum viviparum L about 100 

('.aryophyllaceae. 

Honckenyn peploides (L.) Ehrh 66 

Stellaria longipes Goldie 104 

Stellaria humifusa Rottb. . ! 26**' 

Cernstium Reg el ii Ostenf 72 

Silene acaulis L 24* 

Ranunculaceae. 

Raimncidus Pallmii Schlecht 32 

Ranunculus lapponicus L 16* 

Ranunculus Pallnsii X R. lapponicus 24 

Ranunculus hyperhoreus Rottb 32 

Ranunculus pygmaeiis Wahlenb 16* 

Ranunculus nivalis L 48 

Ranunculus sulphureus Soland 96 

Papaveraceae. 

Papaver radicatum Rottb 70 

Crucilerae. 

Cardamine pratensis L 64 

Draba alpina L 80 

Draba rupestris R. Br 48 

Draba arctica Wahlenb 80 

Cochlearia officinalis L. var. groenlandica (L.) Gelert. . . 14* 

Saxifragaceae. 

Saxifraga stellaris L. var. comosa Retz 56 

Saxifraga nwalis L 60 

Saxifraga nwalis L. var. tenuis Wahlenb 20* 

Saxifraga hieraciifolia Waldst. et Kit 112 

Saxifraga oppositifolia L 52 

Heredltas XXV L 28 
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Saxifraga flagcllaris VV^illd 

Saxifraga hirculm L *^2 

Saxifraga rivularis L 

Saxifraga groenlandica L 

Chrgsosplenium alternifolium L. var. tetrandum Lund 24 ’* 

Rosaceae. 

Potentilla pulchella IL Br 28 

PotentilUx emarginata Pursh 42 

Dryas ociopetala L 18** 

Empelraceae. 

Empetrum hermaphroditum (Lange) Hagerup 52 

Ericaceae. 

Vaccinium iiliginosuiii L 24*’ 

Polemoniaceae. 

Polemonium boreale Adams 18 

Lampanulaceae. 

Campaniila rotundifolia L 84**^ 

L.ompositae. 

Erigeron unif lorus L. var. ujialascbkemis (J). L..) Ostene. . . 8() 

Petasites frigidus L (U) 

Arnica alpina Laest 58 

Taraxacum arcticum Dahlst 40 


()win{^ to tlie existing uncertainty as to the origiii ol‘ the dilTerent 
chromosonie numbers in the Cyperaceae, the niiinbers found in re- 
presentatives of this fainily have not been included in the above list in 
so far as the recording of the polyploid elements is conccrned. Of re- 
presentatives of other families of higher plants the investigation com- 
prises 68 species and varieties, 54 of which are polyploids and 14 di- 
ploids, i. e. about 80 per cent polyploids. 

This high percentage of polyploids ainong the Spitzbergen. flora 
agrces verv well with the investigations of chromosonie numbers in 
plants from other regions with extreme climatic or otherwise unfavour- 
able conditions of growth, referred to above. The facts mentioned above 
may be interpreted as an evident tendency indicating that an increased 
chromosonie number increases the adaptability to unfavourable habitats. 
It is a well-known fact that an increase in the number of chromo- 
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somes frequently brings about considerable physiological and otber 
changes in character (cf. MOntzing, 1936). ~ Hagerup (1931, 1933) 
has pointed out in his works that with polyploidy there may follow a 
changc in the ecological and plant-geographical value of the plant. 
Owing to its immediate revolution an increase in chroniosoiiie numbcr 
may therefore be conceived to create at onc slroke new forms that are 
more suited than the diploids to immigrate into and colonize new regions. 
Ilut pcrhaps the greatest significance of an increase in the number of 
chromosoines lies in tlie fact that it creates a foiindation for a ivider 
raiige of varintioii, which in tiirn leads to greater possibilities for the 
selection of tgpes capnble of colonizing regions where the ndnptabilitg 
of the diploids is inodeqiiate to do so. As ii natural consequence of this 
increased range of variation the polyploids Ihus have as a rulc a inore 
extensive distribution than the diploids. Hut even to this rule there are 
exeeptions. Owing to the gigantism that polyploidy frequently brings 
about, the possibilities of distribution may decrease. On the other hand, 
though many diploids are only of local importance, others are spread 
over large areas, partly with highly varying conditions of life, sucli as 
was shown by Turesson (1938). 

Among the examined species from Spitzbergen there are several 
that are worth while mentioning more in detail. This is especially true 
of the examples of intraspecific chromosome races met with. Of these, 
Dupontid Fisheri and l), Fisheri var. psilosantha liave already been 
reported in detail (Flovik, 1938). Although both forms are typicalty 
arctic, the high chromosornal D. Fisheri seems to extend farthest to the 
nortJi and otherwise occupies more uiifavourable regions than var. 
psilosantha, from whicli it may have originated by a simple chromo- 
sonic doubling. 

In Honckenga peploides Rohweder (1936) found the chromosome 
numbers 2n = 48 and 64. In this species from Spitzbergen a divergent, 
and at the same tinie the highest, number, 2n = 66, was found. This 
aneuploid number does not seem to be a chance occurrence, for it was 
also established for certain in material of H, peploides from Tromsö 
(arctic Norway). The obviously constant occurrence of this aneuploid 
number is possibly due to aponiixis, which appears to be quite common 
in arctic plants. 

In material of Cardamine piaXensis from Cambridge Manton (1932) 
found two different chromosome numbers, viz. 2n = 32 and 64. In 
Spitzbergen only the 64-chromosome race was found, i. e. the one with 
the higher multiple. 
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The tetraploid Empetrum hetmaphroditum, which is the sole 
prevailing form in East Greenlaiid (Hagerup, 1927), occurs also in 
Spitzbergen, while, as already mentioned, the diploid race, E, nigrum, 
has a more Southern distribution. 

Within the Saxifragaceae there are several examples ot intraspecific 
chromosome races. Saxifraga stellarLs was found by various authors to 
have the somatic chromosome number 28. This number was found by 
Skovsted (1934) in material from Norway, by Böcher (1938) in 
material from Swedish Lapland, and by the present writer in material 
from Tromsö (arctic Norway). In S. stellaris var. comosa BöCHER 
(1. c.) found 2n = 56 in material from Lapland, and this number was 
also found in the present material from Spitzbergen. When the chro- 
mosome numbers and the morphology of the chromosomes are taken 
into consideration, the most obvious conclusion is that var. comosa has 
ariscn from S. stellaris by chromosome doubliiig. Harmsen (1939) 
also assumes that var. comosa is a polyploid form of S. stellaris or a 
closely related species. The number 2n = 64, which was found by 
Harmsen in the embryo of var. comosa from Greenland, is no evidence 
against this assumption (cf. Harmsen, 1. c.). The two forms differ with 
respect to ecology and geographical distribution. Var. comosa, having 
the higher number of chromosomes, is circumpolar, high-arctic (-alpine), 
whereas stellaris is subarctic — teraperate — alpine. 

In material of Saxifraga nivalis cultivated in the Botanical Garden 
of the University of Copenhagen Skovsted (1934) found the chromo- 
some number 2n = 28, and in S. nivalis var. tennis from Lapland 
(Sweden) Böcher (1938) found the number 2n = 20. In the examined 
material from Spitzbergen the numbers, found are 2n — 60 and 20 for 
nivalis and var. tenuis respectively. With reference to the number 
2n = 28 found by Skovsted, Böcher thinks it possible that in this 
case the basic number is 7 and that the number, 2n = 20, found in var. 
tenuis may have arisen by a cross between two nivalis races having 
the chromosome numbers n = 7 and 14 respectively. The numbers 
found in the Spitzbergen material, however, furnish stronger support 
for the assumption that the basic number is 10. — The external mor- 
phological characlers, which refer essentially to quantitative differ- 
ences — nivalis is more robust — , as well as the fact that no chromo- 
some-morphological differences can be shown between the two forms 
may indicate that nivalis has arisen from var. tenuis by autopolyploidy. 
The polyploid form has a wider area of distribution than the diploid. 
This is especially true of the vertical distribution in that the polyploid 
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form goes farther down into the lowland as well as higher up on the 
mountains than the diploid form. Both forms occur in Spitzbergen, 
but according to Scholander (1934) nivalis is found somewhat farther 
north than var. teiiuis. The two forms are aiso otherwise different with 
respect to ecology (cf. Arwidsson, 1938). 

With regard to Saxifraga hieraciifolia from Ihe high-alpine regions 
of Pamir and Allai, Sokolovskaja and Strelkova (1938) report the 
chromosome number 2n = 80 — 82. On the other hand, the same 
species from Spitzbergen was found to ha ve 2n = 112 chroinosomes. 
Sokolovskaja and Strelkova point out that in their investigations 
they occasionally came across polyploids with higher chromosome num- 
bers in the arctic zone than in the mountainous regions. S. hieraciifolin, 
mentioned above, furnishes a new example of Ihis. In Saxifraga hirculus 
from the same localities, Pamir and Altai, these authors found the 
chromosome number 2n == 28, while the chromosome number of this 
species from Spitzbergen was found to be 2n — 32. 

In material of Saxifraga oppoaitifolia from Norway Skovsted 
(1934) found the number 2n = 26. The same species from Spitzbergen, 
on the other hand, was found to have 2n = 52 chromosomes. Still 
another example showing that the northernmost representatives have 
higher chromosome numbers than those having a more Southern habitat. 

On the question of the correlation between chromosome number 
and geographical distribution it has been repcatedly poiiited out by 
various authors that it is not an absolute rule that representatives with 
high chromosome numbers are the most extreme arctic or alpine, and 
tliere are also interesting examples of this among the Spitzbergen flora. 
As already mentioned, we know the extreme instances of this kind as 
represented by Vaccinium uliginosum and Campanula rotimdifolia from 
the investigations of material from (ireenland and other places carried 
out by Hagerup and Böcher. Both these species occur as diploids 
also in Spitzbergen, whereas representatives of the same species growing 
farther south are tetraploids. A new, analogous case is furnished by 
Chrysosplenium alternifolium. In diseussing the typical arctic form, 
C, alternifolium var. tetrandum, Scholander (1. c., p. 18) writes as 
follows: »It would be of considerable interest to know the chromosome 
numbers of this little four-staminate form as compared with the Southern 
larger and eight-staminate C. alternifolium. It would not be very sur- 
prising if the latter may be tetraploid as compared with the former». 
Tlie cytological examinations now prove that Scholander’s assumption 
was correct. The chromosome number in var. tetrandum from Spitz- 
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bergen was found to be 2n = 24, while the more Southern alternifolium, 
according to Skovsted (1. c.), has the number 2n = 48. 

Another new example of the same kind is provided by Cochlearia 
officinalis. In material of this species from the S. W. coasl of Wales 
Chane and Gairdner (1923) found the tetraploid number 2n = 28. In 
C. officinalis var. alpina from the Faroe Islands Böcher (1938) found 
Ihe divergent number 2n = 26. On the other hand, in material of 
C. officinalis var. groenlandica from SpitzbeTgen, whose habitat is 
inainly confined to the northernmost polar regions, the diploid number 
2n = 14 was found. 

These last -men tioned findings need not, however, alter the main 
impression. The percenlage of polyploids in this high-arctic flora is 
unusually high and, as already pointed out, should be interpreted as an 
evident tendency indicating that an increased chromosome number 
increases the adaptability to extreme environmenlal conditions. Poly- 
ploidy nuist iherefore hnve played an important role in the origin of the 
forms or species that have colonized the arctic regions. 

On the subject of polyploid intraspecific chromosome races 
MCntzing (1936) has reclified a lot of important dala which affords 
a fouiidation for the conclusion that the majority of these races are 
autopolyploids, and that au topoly ploidy or a purely quantitative in- 
crease in chromosome number has played a very important role in the 
evolution of higher plants. The above-mentioned intraspecific chro- 
inosome races should supply still furlhcr examples to M6ntzing's 
already representative list of cases which strictly justifies this conclusion. 

In modern floristic literature several of the chromosome races 
recorded here as varieties of the same species are separated as distinct 
species. The differences found in chromosome number furnish a new 
diagnostic characler for this differentiation. 


SUMMARY* 

1. An investigation has been made of the chromosome numbers 
in higher plants from Spitzbergen. Allogether 68 species and varieties 
have been investigated. A list of these species and their chromosome 
numbers is given on pp. 432 — 434. 

2. Of the species and varieties examined 14 are diploids and 54 
polyploids, i. e. about 80 per cent polyploids. The high percentage of 
polyploids among this high-arctic flora agrees very well with the 
findings of other authors in their investigations of the chromosome 
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numbers of plants from other regions with extrcmely unfavourable 
climatic conditions. This may be inlerpreted as an evident tendency 
in the direction t hat an increased chromosome number increases the 
adaptability to extreme habitats, like arctic and alpine conditions. 
Polyploidy should therefore have played an important role in the origin 
of those forms or species which have colonized such regions as the 
arctic or alpine. 

3. Several instances of intraspecific chromosome races, some of 
them new, were met with in the Spitzbergen flora. In most cases the 
high chromosomal race has the most northern range of distribution, 
but there are also examples showing the rcverse of this. New instances 
of the latter are furnished by Chrysosplenium alternifolium and Coclile- 
aria officinalis, both of which occur with diploid forms in Spitzbergen, 
while the more Southern forms are polyploids. As has been pointed out 
by several other authors, tliis implies that there is no absolute rule that 
high chromosome number is associated with fitness to extreme habitats. 


This investigation was carried out with financial support from 
»Clonrad Holmboe’s Research Pund», Tromsö, to which I wish to ex- 
press my sincere gratitude. 
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EINE SERIE MULTIPLER ALLELE FÖR BLÖ- 
TENZEICHNUNGENBEI GODETIA AMOENA 

VON GUNNAR HIORTH 

GENBTtSCHES INSTITUT DER LANDWIRTSCHAPTLICHEN HOCHSCHULE, AAS, NORWEGEN 


I. 

G odetia ist eine beliebte einjährige Zierpflanze, die in zahlreichun 
Sorten kultiviert wird. Iin Samenkatalog der Firma Benary, 
Erfurt, tiir das Jahr 1939 werden z. B. 42 Sorten verzeiclmet. Ab- 
gesehen von der Sorte »Blaiier Zwerg», die einer chilenischen Art ent> 
stammt, gehören alle diese Typen zu den beiden kalifornischen Arten 
Godetia Whitneyi und Godetin amoena. Die (lartenrassen dieser beiden 
Arlen sind ini Durchschnilt aiiffällig voneinander iinlerschieden: 


Godetia Whitneyi. 

Niedrig — niittelhoch; buschig, 
stark verzweigt mit dichteni Bluten- 
stand. 

Kronblätter nie mit Fleck direkt 
an der Basis. 

Antheren nichl so satt gefärbt. 

Kapseln dick, fleischig, erst spät 
nnd nur bei giinstigem Wetter trock- 
nend, of t völlig geschlossen bleibend. 


Godetia amoena. 

Hoch; lockerer, weniger verzweig- 
ter Habitus mit lockerem Bliiten- 
stand. 

In der Regel mit Flock direkt an 
der Basis. 

Antheren satt rot mit sattgelher 
Spitze. 

Kapseln diinii, leicht trocknend, 
bei Reife weit aufspringend. 

Samen kleiner. 


Die Artzugehörigkeit der Gartensorten lässt sicli in der Regel leicht 
bestimmen. Im Samenkatalog von Benary sind z. B. sämtliche 60 cm 
hohen oder höheren Sorten der Art amoena, sämtliche niedrigeren der 
Art Whitneyi zuzurechnen. Zweifel uber die Artzugehörigkeit einer 
Sorte lassen sich iibrigens leicht durch Kreuzung enlscheiden, da der 
Bastard zwischen beiden Arten nahezu steril ist. 

Die genannten Unterschiede sind jedoch nur bei der Einteilung der 
Gartenformen verwendbar. Ober die Charakterisierung der natiirlichen 
Formen von Whitneyi und amoena hat bis in letzter Zeit grosse Unsicher- 
heit geherrscht. Kreuzungsversuche mit naturlichen Formen, die ich 
im Jahre 1936 eingesammelt habe, gestatten indessen, diese Arten 
genauer zu definieren. Ober diese Untersuchungen wird eine besondere 
Abhandlung erfolgen. Einige Konklusionen seien indessen schon an 
dieser Stelle mitgeteilt. 




442 GUNNAR MIORTH 


Nach der neuesten systematischen Bearbeilung der Gattung Godetia 
von Hitchcock (1930) kommt Godetia amoena an der Kiiste des Stillen 
Ozeans von Monterey (150 km siidlich von San Francisco) bis zur Siid- 
spitze der Vancouver-lnsel in British ('.olumbia, Kanada, vor, während 
fiir G. Whitneyi nur ein einziger Fundort, Shelter (’.ove (Humboldt Co), 
an der Kiiste des nördlichen Kaliforniens angegeben wird. Dem gegen- 
iiber ergaben meine Versuche folgcndes: 

1) Es besteht eine scharf umgrenzte (iruppe von Godetia- XvXen, 
die amoenn-Gruppe, die mit keiner anderen Gruppe vervvechselt werden 
kann. Es erscheint zvveckmässig, diese (iruppe in 3 Arten aufzuteilen, 
G, nutam, G. Whitneyi und G. amoena, Erslgenannte Art ist durcli 
hängende Bliitenknospen charakterisiert, während die beiden letzteren 
aufrechte Knospen haben. Die Bastarde zwischen Formen mit auf- 
rechten und mit hängenden Knospen sind siets nahezit steril. 

2) Die Formen der amoenn-Gruppe mit auf rechten Knospen sind 
durch eine geographische Sterilitätsgrenze in zwei Arten geteilt, indem 
die Formen siidlich der Meeresbucht Golden Gate bei San Francisco mit 
den Formen nördlich von Golden Gate sterile Bastarde geben. Wegen 
der grossen Variabilität der nördlich von Golden Gate befindlichen 
Art fällt es dagegen sedir schwer, diese Sterilitätsgrenze mit einwand- 
freien morphologischen Unterschieden zu korrelieren. Indessen wurde 
ein eigentiinilicher Unterschied in der Bllitenzeichnung gefunden. Ein 
kleiner Fleck direkt an der Basis des Kronblattes (Basalfleck) ist die 
\orherrschende Zeichnung siidlich von Golden Gate. Ein mehr oder 
weniger weit von der Basis entfernter Fleck (Zentral fleck) herrscht 
nördlich von Golden Gate vor. Unter zahlreicheii Populationen siidlich 
von Golden Gate habe ich nie eine Pflanze mit Zentrallleck angetroffen, 
unter noch weit mehr Populationen nördlich von Golden Gate nie einen 
Basalfleck. Individuen ohne jeglichen Fleck kommen dagegen in stark 
wechselndcr Häufigkeit im ganzen Verbreitungsgebiet der amoena- 
Gruppe vor. — Audi in der Antherenfarbe scheint ein gewisser IJnter- 
schied zwischen beiden Arten zu bestehen, indem die Rassen siidlich 
von Golden Gate ein leuchtendes Rot mit satt gelber Spitze haben, die 
Rassen nördlich davon weniger satte Farben. 

3) Die kultivierten Whitneyi-liassen geben fertile Bastarde mit den 
Formen nördlich von Golden Gate, die kultivierten nmoena-Rassen da- 
gegen mit denen siidlich von Golden <iate. Es scheint mir daher zweck- 
mässig, die nördlich von Golden Gate vorkommende Art als G. Whitneyi, 
die siidlich davon vorkommende als G. amoena zu bezeichnen. 

4) Die auffälligen Unterschiede zwischen kultivierten Godetia 
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amoena- und G. WIiiineyi-Typexi diirften zum grössten Teiie auf Eigen- 
tumlichkeiten der Lokalrasse von G, Whitneyi beruhen, die zum Aus- 
gangsmaterial fur die Zierpflanzen dieser Art wurde, zum Teil auch 
auf Auslese bei der Ziiclitung. Die Zierformen von amoena haben in 
ihrem Habitus relativ grosse Ähnlichkeit mit den natiirlichen Rassen 
dieser Art, während die kultivierten WIiitneyi-FoTmen von den meisten 
wilden Whitneyi-R^dssen stark abweichen. 


Die Versuche mit Godetia wurden mit Handelssorten von Whitneyi 
und amoena im Jalire 1931 begonnen und 1936 durcli Kinsammlung 
wilder Rassen ervveitert. Die Versuche mit amoena wurden in der 
Hauptsache auf die Analyse einer Serie mulHpler Allele fiir Bluten- 
zeichnungen beschränkt und werden mit der vorliegenden Milteilung 
im wesentlichen abgeschlossen. 

Als Versuchsobjekte sind G, Whitneyi und G, amoena etwa gleicli 
bequem. G. Whitneyi hat indesseii den Vorteil einer weit grtksseren Ver- 
breitung in der Natur und einer vielfach griksseren Variabilitäl. Die 
Versuche werden nunmehr mit dieser Art allcin fortgesetzt. — Es ist 
indessen wahrsclieinlich, dass fiir genetische Versuche die extrem 
variable (Iriippe Godetia quadrivulnera-puTpuren noch besser gceignet 
wäre. 

II. 

Während ein Zentralfleck in natiirlichen rnnoe/in-Populationen nie 
angetroffen wurde, koimnt er bei einigen Handelssorten dieser Art vor. 
Dies liesse sicli durch folgende Annahmen erklären: Der Zentralfleck 
könnte in aiideren Teilen des Verbreitungsgebietes dieser Art vorkom- 
meii. Er könnte durch Kreuzung von den Arten G. niitans oder G. Whit- 
neyi erworben sein oder innerhalb der Gartensorten durch Muta- 
tion entstanden sein. — Bei G. nutans wurden sowf)hl Rassen mit 
Zentralfleck als auch solche mit Basalfleck angetroffen, allerdings an 
weit voneinander entfernten Ståndorten. 

Im Folgenden wird gezeigt, dass die Fleckformen der (iarten- 
rassen von amoena durch eine Serie von multiplen Allelen bedingt 
werden. Es wurde mit folgenden Typen gearbeitet: 
f Ag = ohne Fleck, Antheren rot. 
jpbsw Ag =: schwacher Basalfleck, Antheren rot. 
phsi Ag = starker Basalfleck, Antheren rot. 

ag = kleiner Zentralfleck, Antheren gelb. 

F^ag =:mittlerer Zentralfleck, Antheren gelb. 
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Ag ™mittlerer Zentralfleck, Antberen rot. 

F8 ag grosser Zentralfleck, Antheren gelb. 

Ag-Pflanzen haben leuchtend rote Antheren mit grösserer oder 
kleinerer gelber Spitze, ag gelbe Antheren oder sehr schwach rote mit 



g 
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Fig. 1. Kruublattzeifhiiungen bei Godeliu umoen<i. — n: Grosser Zentralfleck fVFil" 
b: niitticrer Zentralfleck F-Kn,; c; kleiner Zentralfleck F^Fk; d: starker Basalfleck 
jib.ifh,i; e: ohne Fleck //; /: gr; /■•mfu.i. /, „„d Aussenseite (Unterseite) der 

Kronblntthasis von bzw, 


gelber Spitze, Wenn auch die Färbung der »gelben Antheren» etwas 
variiert, ist der Unlerschied zwischen Ag und ag auffällig und scharf. 

/, das nicht aus Gartenmaterial sondern aus einer wilden Rasse 
stanimt, bedingt vollsfändigen Fleckmangel. 

FlJsw.individuen besitzen einen relativ kleinen Fleck an der Basis 
des Kronblattes, F*»®* einen etwas grösseren, stärker gefärbten (Fig. 1 d). 
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Die verschiedeiien Typen von Zentrallleck sind bei amoena etwas 
näher an der Basis gelegen als bei WhitneyL F*^-Individuen haben einen 
in Form und Grösse stark variablen Fleck. Dieser besteht aus kurzen 
roten Streifen, Strichen oder Punkten, die, wenn in geringer Anzahl 
vorhanden, nur ein kleines gestricheltes Areal bilden, wenn sie zahl- 
reicher und dichter sind, zu eineni fast kompakten Fleck zusammen- 
fliessen, der nahezu die Grösse eines mittleren Zentralfleckes erreichen 
kann. Der durchschnittliche Unterschied zwischen und isl jedoch 
beträchtlich. Bei den iibrigen Typen des Zentralfleckes sind nur die 
Ränder in Spitzen, Striche oder Punkte aufgelöst, die in der Richtung 
der Nervatur des Kronblatles verlaufen, welche von der Basis des Kron- 
blattes fächerförmig zum distalen Rand ausstrahlt. Bei F”'-Pflanzen ist 
der Fleck ziemlich gross und kraftig gefärbt (Fig. 1 b), Bei F^ ist er 
noch grösser, sodass nur schmalere oder breitere Säume an den Rändern 
des Kronblattes freibleiben (Fig. la). 

Ausser obigen Allelen diirfte es noch eine Reihe anderer geben, 
die z. B. intermediäre Fleckgrössen zwischen den oben genannten 
bedingen. 

Genauere Bestimmungen der Farben sind nicht vorgenommen wor- 
den. Die Grundfarbe (Farbe des ungefleckten Teils des Kronblattes) 
ist ein selir helles Violett, während der Zentralfleck satt rotviolett ge- 
färbt ist. Der Basalfleck hat in der Regel einen etwas abweichenden 
roten Farbton. 


III. 

Die Allelie der genannten Gene wurde durch die Kreuzungen in 
Tabelle 1 bewiesen. Zur Vereinfachung der Darstellung wurde im all- 
gemeinen nicht zwischen F*" Ag und F^ ag, ferner zwischen F^’'' und 
Fbsw unterschieden, Die beiden letzteren Allele wurden dann unter der 
Bezeichnung F^ zusammengefasst. Es wurde jedoch mit allen diesen 
Typen gearbeitet und ein deutlicher Unterschied zwischen ihnen fest- 
gestellt. 

Nr. 1 — 4 (Tabelle 1) zeigen die Spaltungszahlen in F 2 der Kreu- 
zungen F^ X /, F*” X /, F^X f und F^ X /. Wir erhalten stets rund 
ein Viertel //-Individuen. / ist jedoch nicht völlig rezessiv, da es in 
Heterozygoten die Grösse des Fleckes in der Regel etwas verkleinert 
und den Farbton etwas abschwächt. 

F^ dominiert uber F*” und lässt sich in Fo sicher von ihm trennen 
(Nr. 5). Nr. 10 zeigt das Ergebnis der Ruckkreuzung F^F^ X //. Die 
beiden Typen in der Nachkommenschaft, F^f und F^f, waren in ihrer 
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Fleckgrösse so stark verschieden und variierten so wenig, dass jedes 
Individuum ohne Muhe identifiziert werden konnte. Dieser Befund 
wurde durch die gleichzeitige Spaltung eines gekoppelten Gens bestätigt; 
siehe unter Nr. 21. 

Nr. 6 enthält eine Kreuzung X Starker Basalfleck do- 

ininiert iiber schwachen und in Fa Hess sich jede Pflanze bequem aus- 
zählen, was besonders dadurch ermöglicht wird, dass diese beiden 
Allele eine verschiedene Zeichnung auf der Aussenseite der Kronblätter 
bedingen (Fig. 1 /i, i). 

Kreuzungen von F^^, F”* und F^ mit F^ ergebcn Fi-Pflanzen, die 



Fig. 2. Kronblätter von F'”7'*»-Pflaiizeii aus Fj von F»» X Lichtbild von getrock- 

netcn Kronblältern. 

beiderlei Flecktypen nebeneinandcr zeigen. Wurde hierzu F^®^ be- 
nutzt. so war der Basalfleck meist abgeschwächt und konnte in einigen 
Bluten fast vei^schwunden sein. Wurde dagegen F^**^ verwendet, so 
zeigten sowohl F^F^-, F^'’F^- wie F^F^-Pflanzen einen sehr deutlichcn 
Basalfleck (Fig. l /, g). In Fa (Nr. 7 — 9) ergab sich eine Spaltung nach 
dem Schema 

1 F^ : 2 : 1 F^ 

wobei F^ den betreffenden Typus von Zentralfleck bezeichnet (F^ig. 3). 

Eine Nr. 8 entsprechende Kreuzung ist schon von Rasmuson (1921) 
mit demselben Ergebnis untersucht worden. Da ihm aber innerhalb 
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TABELLE 1. Vbersicht äber die Spaltungen der Blutenzeichnungen 
hei (lodetia amoena. Beschreibung der Merkmale siehe Abschnitt 11, 

S. U3—U5*. 


Kreuzung f " 

Nr. 1. (FB/)-’ 159 55 214 

» 2. (Fm/f 375 89 464 

» 3. (F'‘/)“ 123 40 163 

» 4. (F>V)‘’ 508 158 776 

Fff 

» 5. (F«F'")“ 137 32 169 

/.Ijst Kl>s« 

, 6. (FbstFbswi^* 106 31 137 

|nt /TjjTb jn, 

» 7. (FBF^»)* 97 207 102 406 

» 8. (F^F*»)" 223 513 208 944 

V 9. (Fi^F**)” 75 221 93 389 


I 7—9 395 941 403 1739 

Nr. 10. FfiF"^Xff 186 190 376 

F\ Fi> 

■> 11. FSF^X// 605 551 1156 

. 12. F^F*» Xff 568 532 1100 

, 13. F‘'F‘>X// 435 379 814 


2’ 11—13 1608 1462 3070 


Nr. 

5> 

14. 

15. 

(F^aglF^Agf 

(F^aglF^AgT- 

Fxag 

35 

56 

F’‘FbAg 

80 

124 

FbAg 

26 

49 


141 

229 



2 14—15 

91 

204 

75 


370 




Ftag 

FnAg 

fAg 



Nr. 

16. 

(FHaglfAgV 

44 

115 

55 


214 




Fmag 

F*^F^Åg 




» 

17. 

F^ftglF^Ag X F^agF^ag . . 

178 

216 



394 




F^Ho 

F^ro 

FrRo 

Frro 


Nr. 

18. 

{F^RolFyroY*-* 

334 

53 

46 

82 

515 


19. 

(F^rolFyRof 

393 

190 

139 

5 

727 

» 

20. 

FerolF^Ro X ff ro ro 

76 

230 

231 

68 

605 

?> 

21. 

F^rolF^Ro X ff ro ro 

42 

144 

146 

44 

376 



2 20—21 

118 

374 

377 

112 

981 
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die in zwei anderen Ruckkreuzungsfamilien von diesem Typus auf- 
Iraten, besassen, wie eine Nacliprufung zeigte, die Konstitution F^lF^ 
und konnten demnach nicht durch crossing-over ontstanden sein, son- 
dern diirften auf Versuchsfehler beruhen. 

Eine starke Koppelung der Antherenfarbe mit bestimmtcn Fleck- 
Allelen wurde in zahlreichen Kreuzungen konstatiert. Nr. 14 — 17 gibt 
das relativ geringe Material wieder, in dem die Antherenfarbe geiiau 
ausgezählt wurde. In Nr. 17 wiirde jeder Fall von crossing-over sich 
durch Entstehung von F^Ag- oder F™F*^ag-Pflanzen verraten, während 
in Nr. 14 — 15 nur die Hälfte der Crossovers entdeckt werden könnlen. 
Zusammen befand sich daher unter ca. 580 Gameten kein Oossover- 
(iamet. 

Da Ay ungefähr dieselbe rote Farbe auf deii Antheren bedingt, wie 
F8 oder F*^” auf den Kroiiblättern, diirfte es imnierhin wahrscheinlicher 
sein, dass Antheren- und Kronblattfarbe von ein und demselben Gen 
bedingt werden als von zw^ei gekoppelten. Es Hessen sich demnach auf 
Grund der Antherenfarbe einige weitere Allele fiir den Lokus F auf- 
stellen; z. B. wäron F^Vig und F^^Ag zwei F- Allele. — Obrigens bestär- 
ken die Befunde iiber die Antherenfarbe zugleich aucli die Annahme 
von Allelie zwischen Basalfleck und Zentralfleck. Denn je mehr Gene 
mit Wirkung auf dasselbe Merkmal (lokalisierte rote Farbe) an der- 
selben Stelle der Koppelungsgruppe gefunden werden, um so grösser 
ist die Wahrscheinlichkeit dafiir, dass die gemeinsame Lage der Gene 
durch Allelie bedingt wird. 

In zahlreichen Kreuzungen wurde schliesslich eine partielle Koppe- 
lung konstatiert zwischen den F-Allelen und einem Gen ro (rosa), das 
die hell violette Grundfarbe der Blilte in weissHch-rosa verwandelt. In 
Nr. 18 und 19 bezeichnen F^ und F>' verschiedene Fleck- Allele. Das 
Rekombinationsprozent (in Nr. 20 — 21) beträgt 230 : 981 =23 %, 


Was die Konstanz der benutzten Fleck-Allele betrifft, so machen 
F<?, F"\ F^’ und / durchaus den Eindruck von stabilen Genen. In den 
Fa-Familien von Nr. 1 — 9 und den Ruckkreuzungen Nr. 10 — 13 traten 
keine Individuen auf, die den normalen Variationsbereich ihres Allels 

* F* bezeichnet den in der Spalte Kreuzung an erster Stelle, F.' den an zweiter 
Stelle genannten Zeichnungstypus. F*^ bezeichnet in einigen Fallen F*»*^ in anderen 

jpljsw, 

** Nr. 18 und 19 fasseii eine Heihe von Kreuzungen zusammen, in denen ver- 
schiedene, hier nicht angegebene Allele spalten. Zur Vereinfachung der Darstellung 
wird hier Fy als rezcssiv behandelt. 


Hereditaé XX Vi, 


29 
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uberschriiten und etwa eine fiir ein anderes Allel typische Fleckgrösse 
zeigten. Indessen haben und ein bestimmter, nicht näher darauf- 
hin untersuchter Typus von F“ eine recht variable Fleckgrösse. Fiir 
wurden nicht unbeträchtliche Unterschiede festgestellt zwischen 
verschiedenen Bliiten einer Pflanze, verschiedenen Pflanzen einer Fa- 
milie und zwischen verschiedenen Familien. Der Fleck kann winzig 
klein sein oder nahezu die Grösse eines mittleren Zentralfleckes er- 
reichen. Der durchschnittliche Unterschied zwischen F^ und F^ ist 
jedoch sowohl bei Selbstungen als auch in F^ bei Kreuzungen mit den 
gleichen Linien recht auffällig. Es liegt nahe anzunehmen, dass ein 
labiles Gen ist, das innerhalb bestimmter Grenzen variiert. 

Eine detaillierte Besprechung der Zahlenverhältnisse hat wenig 
Interesse, da bei Godetia statistisch bedeutsame Abweichungen nicht 
selten sind. Es durfte geniigen, auf einen Befund hinzuweisen. In 
2' 7 — 9 treten die Heterozygoten in einer Häufigkeit von 54, i % statt 
50 +1,2 % auf. Abweichung: mittlerer Fehler = 3 , 4 . Auch in Nr. 14 — 
16 scheint die Häufigkeit der Heterozygoten erhöht zu sein. Da eine 
Begiinstigung bestimmter Gametentypen stets zu weniger als 50 % 
Heterozygoten fiihren wiirde, muss hier nach einer anderen Erklärung 
gesucht werden. Man könnte annehmen, dass die Honiozygoten mit 
zwei F-Chromosomen gleichen Ursprunges eine etwas stärkere Inzuchts- 
wirkung zeigen und daher eine höhere Sterblichkcit haben als die 
Heterozygoten mit zwei F-Chromosomen verschiedenen Ursprunges. 


IV. DISKUSSION. 

Zwischen den Gliedern der Serie F^, F^, F^, F*^*S pbsw^ f bestehen 
teils quantitative, teils qualitative Unterschiede. F8, F™ und F^ bedingen 
verschiedene Grössen des Zentralfleckes; ein Zentralfleck ist aber durch 
seine Lage qualitativ von einem Basalfleck imterschieden. 

Bei Kreuzungen quantitativ verschiedener Zcichnungen erhalten 
wir die iiblichen Dominanzverhältnisse, der grössere Fleck ist (nahezu) 
dominant uber den kleiiieren. Bei Verbindung qualitativ verschiedener 
Zeichnungen dagegen gibt es keine Dominanz, sondern die Hetero- 
zygoten zeigen beiderlei Flecktypen deutlich nebeneinander. Im Prin- 
zip durfte die Sachlage die gleiche sein, wenn die Kombination 
F"Vigf f Åg neben dem Zentralfleck von F*^ die roten Antheren von f 
zeigt. In diesen Fallen wirken also die betreffenden Allele unabhängig 
voneinander, genau so wie es von mir (1931) bei qualitativ verschiedenen 
Blatt- und Kotyledonenzeichnungen bei Collinsia gefunden wurde. 
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Man konnte theoretisch erwarten, beim Studium von in der Natur 
vorkommenden AUelenserien relativ of t auf eine :»unabhängige Wir- 
kung» von Allelen zu stossen, indem die verschiedenen Allele einer 
bestimmten Serie durch eine Anzahl von Mutationsschritten, die im 
Laufe der Evolution des Gens nach und nach im selben Lokus statt- 
gefunden haben, sich in stark divergierendc Richtung entwickelt haben 
könnten (vgl. Hiorth, 1931, S. 262 — 266). Dies scheint auch der Fall 
zu sein. Verf. ist in drei Fällen auf eine unabhängige Wirkung von 
Allelen gestossen, nämlich bei Blatt- und Kotyledonenzeichnungen von 
Collinsia, bei den hier besprochenen Blutenzeichnungen von Godetia 
amoena und bei noch näher zu untersuchenden Kotyledonenzeichnungen 
von Godetia Whitneyi. 

Inwiefern ein Zentralfleck itinerhalb der Art G. amoena als naturlichcr Charakter 
aufgefasst werden darf, bleibt allerdings nach den Angaben auf S. 443 fraglich. 
Daher sind in diesem Zusammenhang die Verhältnisse bei der verwandten Art 
G, nutam von Intercsse, bei der sowohl Standorte mit Basalfleck, mit Zentralfleck 
und ohne Fleck vorkommen. Fleck gekreuzt mit ohne Fleck gibt 3 : 1-Spaltungeii. 
Die Kreuzung einer Form mit Basalfleck (Magalia, Butte Co, Calif.) mit einer mit 
Zentralfleck (Glen Ellen, Sonoma Co, Calif.) ergab in Ft eine Spaltung: 16 mit 
Zentralfleck : 46 Zentralfleck -f Basalfleck : 21 mit Basalfleck, also ein Verhältnis 
1 :2 : 1. Demnach sind anscheinend auch bei dieser Art die Genc fiir Basalfleck und 
Zentralfleck allel und zeigen unabhängige Wirkung. 

Dagegen sind nur wenig entsprechende Fälle in der Literatur er- 
wähnt. Dies durfte aber wohl darauf beruhen, dass fiir die mcisten 
anderen Charaktere als lokalisierte Zeichnungen eine unabhängige Wir- 
kung von Allelen nicht ohne besondere Untersuchungen nachgewicsen 
werden kann. Die »intcrraediäre Vererbung», die so allgemein bei 
Kreuzungen naturlichcr Kassen angetroffen wird, liesse sich vielleicht 
bei genauester Betrachtung zum grossen Teil auf eine unabhängige 
Wirkung von Allelen zuruckfuhren. 

East (1936, S. 392) fand bei seinen Untersuchungen uber Art- 
bastarde bei Nicotiana weder Anzeichen dominanter noch rezessiver 
Gene, sondern es schien, dass »each gene is an active pattern former». 

East unterscheidet zwischen defectiven und non-defectiven Allelen 
und fiihrt die Heterosiserscheinungen hauptsächlich auf letztere zuriick. 
Während in der Regel zwei identische non-defective Allele AA bei 
Homozygoten die gleiche Wirkung hätten wie ein einziges bei Hetero- 
zygoten Aa, könnten zwei verschiedene non-defective Allele (z. B. 
A 1 A 2 oder ^ 8 ^ 4 ) eine kumulative Wirkung entfalten. »The cumulative 
action of two non-defective allelomorphs of a given gene approaches 
,the strictly additive as they diverge from each other in function.» 
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Es wäre interessant das Godetia amo^nn-Material im Sinne dieser 
Thoorie auszuwerten, Dieses Versuchsobjekt scheint beträchtliche Vor- 
teile fiir derartige Studien zu haben, insbesondere den, dass in den 
meisten benutzten Linien keine modifizierenden Gene vorkamen, die die 
Wirkung der Fleck-Allele in stärkerem (irade beeinflussen. Es war 
jedoch keine Gelegenheil, das Material eingehend genug zu studieren. 
Ein interessanter Befund Hess sich indessen auch ohne Spezialunter- 
suchungen festslellen. Die Heterozy goten F^/rbst haben durchschnittlich 
einen weit stärkercn Zentralfleck als F^F^-Pflanzen. Hier liegt an- 
scheinend nicht nur eine additive Wirkung zwoier Allele vor, sondern 
auch eine dariiber hinaus gebende Verstärkung. 

V. ZUSAMMENFASSUNG- 

1) Der Artname Godetin amoena wird hier auf die Rassen siidlich 
von Golden (iate (San Francisco) mit aufrechlen Knospen beschränkt. 

2) Hei (iartenrassen von Godetin amoena wurde eine Serie multipler 
Allele fiir Bliitenzeichnungen festgeslellt. F8, F”\ F^ bedingen einen 
grossen bzw. mittleren, kleinen »Zentralfleck», F*^^^ einen starken 
bzw. schwachcn »Basalfleck», / vollständigeii Mangel des Fleckes. Sielie 
Fig. 1 a — e, 

3) Die funf ersteren Allele sind unvollständig dominant iiber /; 
F8 ist (nahezu) dominant iiber F"*. 

4) Die Kombinationen von F”' iind F^ mit F^*^ und F*^^^ zeigen 
beiderlei Zeichnungstypen nebeneinander. Siebe Fig. 1 /, g; Fig. 2. 
Rei Kreuzungen qualiiativ verschiedener Zeichnungen wird also keine 
Dominanz, sondern eine »unabhängige Wirkung^ der Allele angetrof- 
fen, — vergrössert den Zentralfleck von F^. 

5) Rote (statt gelbe) Antberenfarbe ist stark mit bestimmten Fleck- 
Allelen gekoppelt. Unler ca. 580 Gameten wurde kein Fall von crossing- 
over angelroffen. Falls, wie es wabrscbeinlich isi, rote Antberenfarbe 
und rote Bliitenzeichnungen durcb dasselbe Gen bedingt werden, muss 
die Anzabl der F-Allele erhöht werden. 

6) Die F-Allele sind mil einem Gen fiir rosa-weisse Grundfarbe 
der Bliiten gekoppelt mit einem Rekombinaiionsprozenl von 23. 


Die vorliegenden Untersuchungen sind durcb Beiträge von nor- 
wegischen wissenscbaftlichen Fonds (A/S Norsk Varekrigsforsikrings 
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Fond, Norges Landbrukshöiskoles Forskningsfond) ennöglicht worden. 
Hierfiir sei auch an dieser Stelle mein bcster Dank ausgesprochen. 
Aas, Norwegen, 20. Januar 1940. 
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MEIOSIS OF ALLIUM PORRUM, A TETRA- 
PLOID SPECIES WITH CHIASMA LOCAL- 

ISATION 

BY ALBERT LEV AN 
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W HILE meiosis of diploid forms with localised chiasmata has been 
analysed on several occasions within various Liliaceous genera 
[Fritillaria, Allium, Trillmm), tliis characteristic course of meiosis has 
not been studied so far in any polyploid form. Such a study affords 
an approach to problems of very great interest. Darlington (1937) 
points to one special problem: »In polyploid forms with localised pairing 
and chiasmata we must expect fewer multivalents than in corresponding 
forms with complete pairing, since the effective length for pairing is 
shorter» (1. c. p. 129). This conclusion is drawn from a study of diploid 
Fritillaria species, where the pachytene pairing in forms with local- 
isation of chiasmata only reaches about 50 % of the total length of 
the chromosomes. In AUium, on the other hand, the pachytene pairing 
is morphologically complete in localised species such as AUium fistulosum 
(Levan, 1933), it is complete even in asynaptic species, where no single 
chiasma is formed. Thus, in an autopolyploid AUium with localised 
chiasmata a normal frequency of multivalents may be expected at 
earlier meiotic stages, and this frequency should decrease during the 
course of the prophase. At metaphase I only such multivalents as are 
associated by chiasmata should be left, even if the mutual orientation 
of some bivalents should indicate that earlier they had been joined to 
quadrivalents. 

During my work on the cytology of AUium I came across an auto- 
tetraploid species, AUium Porrum L., which showed almost complete 
localisation of chiasmata at meiosis. I studied several forms of the 
species, both Swedish commercial varieties and material procured from 
botanical gardens. All these forms were tetraploids and had localised 
chiasmata. In one form I found a regular occurrence of two small 
somatic chromosome fragments, which sometimes paired at meiosis, in 
other respects no cytological differences were found between the differ- 
ent forms. 
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In Allium Porrum ordinary Navashin fixations of whole buds, 
preceded by a short dipping in Carnoy, gave better results than smears 
in osmic acid fixations. The pachytene stage in particular is very 
beautiful in Navashin fixed material, permitting a detailed study of 
whole quadrivalents at this stage. 

The somatic chromosomes of Allium Porrum are of the ordinary 
Allium type, 28 chromosomes have a median centric constriction and 4 
chromosomes have a subterminal constriction. These latter are the Si 
chromosomes and their satellite is quite small. The length of the 
longest chromosomes of Allium Porrum is about 10 

L THE COURSE OF MEIOSIS* 

As already mentioned, the prophase stages show complete chro- 
mosome pairing. Small unpaired segments may, of course, be found 
even at mid-pachytene, but they do not occur more frequently towards 
the chromosome ends. Such unpaired segments are found also in 
species with random-distribution of chiasmata. The chromomeric 
structure is very clear at pachytene, and the chromomeres are some- 
times rather broad, almost band-like. There is one nucleolus in each 
cell. At the nucleolus two deeply stained lumps, evidently the end 
portions of the Si bivalents, may be seen quite regularly. No differences 
in the pairing can be seen between the proximal and the distal parts of 
the chromosomes. The diplotene loops, however, seem to appear at 
first in the distal parts of the chromosomes, and this might be an in- 
dication of a less intimate pairing in these parts. 

During pachytene quadrivalents are easily found in most cells 
(Fig. 1 a — b). The exchange of threads within the quadrivalents usually 
occurs in one place, but also quadrivalents with two exchanges have 
been met with. If there is one exchange it may be located in any region 
of the chromosomes, medially or terminally. It is difficult at this stage 
to analyse whole cells, but I have oflen observed more than one quadri- 
valent in the same cell. Sometimes all the chromosomes seem to be 
joined into 8 quadrivalents. 

At diplotene the quadrivalents are still present in great number 
(Fig. 1 c — d). The spiralisation is prominent and the quadrivalents 
are held together by the torsion. During diakinesis, however, many of 
the earlier quadrivalents are seen to fall apart into pairs of bivalents 
(Fig. 1 € — /i). Now the remarkably regular distribution of chiasmata 
Is clearly seen: always 2 chiasmata per bivalent, one at each side of 
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the centromere. Owing to the size of the chromosomes and thek great 
nnrnber diakinesis is noi a suitable stagc for studying the quadrivalents* 
At the first metaphase the chromosomes are arranged regularly 
into an equatorial plate. The characteristic structure of the bivalents 
is now clear. (>wing to the chromosome contractioii, the two chiasmata 
of each bivalcnt have been pnlled together close to the centromere, 
so Ihe chromosomes seem to touch each other only at one point. In 





Fig. 1. a~ b: quadrivalenls at pachytene, r, d: al diplotene, c— /i: quadrivalcnls at 
diakincsis, hcld together only by lorsion. — X 3900. 

polar view (Fig. 2 a) it is difficult to see the chiasmata but in side-view 
(Fig. 2 b) the chromatid arrangement is made quite clear. Most plates 
consist of only this kind of bivalents. The regularity is striking and 
gives a good illustration of Darlington’s term »semi-clonah in- 
heritance. 

There may oceur, however, certain exceptions to the scheme. The 
most common exception is the occurrence of bivalents with only one 
chiasma (Fig. 2 c — d). In one pollen sac the following frequency of 
such bivalents was counted: 
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Nitmber of deviating 
bivalents : 

0 

1 

2 

3 

4 

5 

Total 

M/cell 

Nutnber of cases: 

7 

6 

9 

3 

5 

j 

1 1 

31 

1.» 


Compared with the conditions in Allium fistulosum, a diploid species 
with chiasma localisation, the frequeiicy of deviating bivalents is rather 
high. Allium fistulosum had from 0,i5 to 0,55 such bivalents per cell. 
In the iiext chapter it is suggested that the formation of pachytene 



Fig. 2. o: metaphase I, a plate consisting of 16 cruciform bivalents seen from Ihe 
pole, b: sidc-view of a cruciform bivalen t, c, d: bivalents with one chiasma, e: a 
quadrivalcnt held together by a non-localised chiasma, /, g: localiscd chain quadri- 
valents, h: a localised ring quadrivalcnt, i: a ring quadrivalcnt at anaphase I. — 

a: X 1400, b—i: X 2800. 

quadrivalents may predispose to the origin of pairs of bivalents with 
one chiasma. 

In these bivalents with only one chiasma, usually the portion 
between the centromeres and the chiasma is extended and is somewhat 
narrower than the rest of the chromosomes. The chiasma is often more 
ierminalised than in the cruciform bivalents within the same plate. The 
chromatid pairing evidently yields more easily under the strain from 
ihe centromeres in the bivalents with only one chiasma. In the cruci- 
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form bivaients» where four chromalids resist the strain of the centro- 
meres» the chiasmaia seem to be more stationary. 

Quadrivalents are present so rarely at metaphase I that an intense 
study was needed merely to demonstrate their occurrence. This study 
was made difficult by the large size of the 64 long cross-arms present, 
which quite fill up the equatorial plates, so that the exact analysis of 
each element is often rendered impossible. It was detected, however, that 
now and then two cross-arms joined by a clear-cut chiasma were 
siretched out extremely far towards one pole» In the cases where the 
connections of these arms could be followed also inside the plate they 
were found to form each one chiasma with two other chromosomes. 
In fact there were present instances of chain quadrivalents of a type 
hitherto unrecorded (Fig. 2/ — g). The chiasmata of these quadri- 
valents were gathered as close to the four centromeres as possible. 
After an extensive search the corresponding ring-type of quadrivalents 
was also found (Fig. 2 7i). These rings were observed only three times. 
I wish to point out, however, that the occurrence of quadrivalents is 
probably somewhat more frequent than these data indicale, since they 
can be demonstrated only in especially favourable cases. Even if this 
is taken into account the quadrivalents must be very rare at meta- 
phase I, and certainly much rarer than in autotetraploids with random- 
distribution of chiasmata. I counted in one slide 6 quadrivalents in 250 
analysed cells and in another slide 4 quadrivalents in 130 cells. In 
normal tetraploids of Allium the average frequency is 1 — 5 quadri- 
valents per cell, i. e. about 100 times greater frequency. 

The appearance of the quadrivalents is characteristic. They differ 
from ordinary quadrivalents in the same qualities as localised bivalents 
differ from ordinary bivalents. Thus the chiasmata of the quadri- 
valents are very close to the centromeres, which brings about the form- 
ation of large cross-arms at each chiasma. The orientation on the 
spindle of the quadrivalents is typical, the 4 centromeres form a 
rectangle with 2 corners at each side of the equator. Neighbouring 
centromeres are orientated towards the same pole. Anaphase form- 
ations indicate that sometimes also zig-zag arrangement may occur, but 
such quadrivalents were not observed at metaphase. Anaphase of a 
ring quadrivalent is seen in Fig. 2 i. 

It was often noticed that in the quadrivalents the portions between 
the centromeres and the chiasmata ^ere longer and more extended 
than the corresponding portion of the 'cruciform bivalents. The chi- 
asmata of the quadrivalents were evidenfll^ more terminalised. This is 
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probably due to the same condition as that causing the greater 
terminalisation of the bivalents with one chiasma. It may be that also 
quadrivaleiits with their centromeres more close together really occurred, 
they would anyhow be very difficult to analyse. Formations which 
might be such quadrivalents were sometimes noticed, but they were 
interpreted as interlockings of two bivalents. 

In the same manner as in Allium fistulosum, the localisation of 
the chiasmata was not absolute, non-localised chiasmata were observed 
also in Allium Porrum, although very seldom. Such chiasmata could 
give rise to quadrivalents of a new type. They were built up of two 
bivalents in which two cross-arms, one from each bivalent, were joined 
to a subterminal chiasma (Fig. 2e). This chiasma did not influence 
the orieiitation of the quadrivalent on the spindle. The frequency of 
non-localised chiasmata was lower than in Allium fistulosum, where 
some forms had up to 1,7 non4ocalised chiasmata per cell. In one slide 
of Allium Porrum 3 such chiasmata were counted in 260 cells, and 
their average occurrence probably does not exceed 1 % of the cells. 

Anaphase I and the second division take place normally. The 
pollen grains contain 16 chromosomes, so the few quadrivalents of 
meiosis evidently give rise to but slight disturbances. 

IL DISCUSSION* 

In the present paper a record is given of meiosis of an autotetra- 
ploid Allium species with almost absolute localisation of the chiasmata. 
Darlington (1939) regards this proximal type of localisation only as 
a special case. Its type depends on the location of the original segment 
of pairing at zygotene. In other cases, for instance, tetraploid species 
of Tradescantia, chiasmata are formed only at the chromosome ends, 
due to the fact that the pairing starts distally. 

Another independent genetic variable determining the meiosis type 
is the time limit of effective pairing. The time limit determines the 
degree of localisation. If the time of effective pairing is unlimited, the 
chromosomes will be paired along their whole length and their chi- 
asmata will be distributed at random. The reason why the ends of the 
chromosomes of khe proximal type of localisation do not form any 
chiasmata is, still according to Darlington, not due to a precocious 
reproduction of the chromosomes in these parts, as Huskins and Smith 
(1934) suggested, but is instead due to the time limit, which cuts off 
the effective pairing before it has reached the whole chromosome length. 




4«0 


ALBERT LEVAN 


The shorter this time limit, the more absolute is the localisation of 
chiasmata. In such asynaptic forms as AUium amplectem (Levan, 
1940) the timc limit must be nii. Since, however, a clear morphological 
pachytene pairing is seen both in localised and asynaptic Allium species, 



Fig. .1. Schcme <>f the possible cases of partner exchange in the pachytene quadri- 
valent.s and the resiill at metaphase 1. Chiasmata are formed at the arrows. For 
further explanation see the text. 

a distinetion must be made between the apparent, visible pairing and 
the effeetive pairing, i. e. the pairing which gives rise to chiasmata. 

It is clear that the original segment of pairing in such a species as 
AUium Porrum cannot be localised to a single exaet point of thp four 
homologous chromosomes. In that case quadrivalents could hareUy be 
formed. The frequent occurrence of quadrivalents at pachytene in- 
dicates, in my opinion, that the pairing starts in different places even in 
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chromosotnes with absolute localisation of chiasmata. A quadrivalent 
can be formed only if the pairing starts in at least two places within 
different pairs of the 4 homologous chromosomes. These starting 
points are possibly located close to the centromeres in AUium Porrum, 
otherwise the conclusion must be drawn that the zone of effective 
pairing is not always the zone of the earliest pairing. 

However this niay be, it is certain that quadrivalenls are formed in 
a greater nuniber at pachytene than survive until metaphase. in later 
stages chiasmata are found only on both sides of the centromeres, If 
we suppose, in accordance with Darlington. that chiasmata arise at 
the same place as they are found at metaphase I the following 
possibilities are valid within each four-group of homologous chromo- 
somes (see Fig. 3, where each pachytene chromosome is represented 
by a thickly drawn central portion corresponding to the zone of effective 
pairing, and thinner end-portions, where chiasmata are formed only in 
exceptional cases). If the exchange of partners can occur any where 
within different parts of the chromosomes, it is evident that the coin- 
monest case will be Fig. 3 a, where the exchange occurs outside the 
central portion. This leads to the formation of 2 typical, localised 
bivalents, which in earlier stages are often joined by a torsion pairing, 
but which are free at metaphase 1. If the exchange of partners takes 
place close enough to the central zone (Fig. 3 b), il is probable that 
the exchange will interfere with the pairing of the central zone on that 
side of the centromere, so that chiasmata can be formed only on the 
olher side of the centromere. The result will be 2 bivalents wilh one 
chiasma each. This is probably the cause of the relatively high fre- 
quency of this kind of bivalents in AUium Porrum, as compared with 
diploid species with localised chiasmata. If in the former case the 
pairing is inhibited only in one pair of threads there will originate a 
localised chain quadrivalent with 3 chiasmata (Fig. 3 c). Finally, if 
the exchange of partners occurs exactly at the centromeres, so that 
chiasmata can be formed on both sides of the exchange, a localised 
ring quadrivalent will result. It is quite comprehensible that this last 
case must be very rare, since it depends for its realisation on the fulfil- 
ment of quite special conditions. 

SUMMARY* 

Meiosis is examined in AUium Porrum, an autotetraploid species 
witli complete localisation of chiasmata. Quadrivalents are formed 
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rather frequently at zygotene, but most of them disappear before meta- 
pbase I is reached. Chiasmata are formed only in the neighbourhood 
of thé centromeres. A new type of metaphase quadrivalents is de- 
scribed: chains and rings with localised chiasmata. 

Svalöf, January 20th, 1940. 
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THE MODE OF CHROMOSOME PAIRING IN 
PHLEUM TWINS WITH 63 CHROMOSOMES 
AND rrs CYTOGENETIC CONSEQUENCES 

BV A. MVSTZIKG AND R. PRAKKEH 

INSTITUTE OF GENETICS, UNIVERSITY OF LUND, SWEDEN 


I. INTRODUCTION. 

A S described in prcvious publications (MOntzing, 1937 a, 1938 a), 
Ltwin seedlings with deviating chromosome numbcrs were obtained 
in 13 species belonging to 11 different genera. This material also in- 
cluded Phleum pratense L., which was represented by six triploid and 
tbree haploid aberrants. Instead of the normal number, 2n == 42, these 
plants had 2n = 63 and 21 respectively. For the sake of simplicity 
the aberrants will be referred to in the following as triploids and ha- 
ploids instead of using the more adequate terms cnneaploid and triploid, 
the normal plants of the species in reality being hexaploid (2n = 42). 

The present paper is restricted to the results of a study of aberrants 
with 2n = 63 and their progeny. Some preliminary data concerning 
this Work have already been given (MIIntzing, 1937 a, 1938 b and 
ÅKERMAN, Granhall, Nilsson-Leissner, MOntzing and Tedin, 1938), 
but the results now accumulated justify a fuller account. 

The experimental work and the somalic chromosome counts were 
performed at Svalöf in the years 1935 — 1939 under the guidance of the 
senior author. The meiotic studies were undertaken at Lund after the 
arrival of the junior author \ Last year the triploid twins and their 
progenies were handed over to Dr. A. Levan, now head of the Cyto- 
genetic Department of the Svalöf Plant Breeding Institute. The haploids 
will be studied and described by Miss H. Nordenskiöld. 


IL THE PROPERTIES OF THE TRIPLOID TWINS* 

1. MORPHOLOGY AND FERTILITY* 

Habitually the triploid twin plants were rather similar to their 
diploid sister twins, but a more detailed study revealed certain typical 


* At present Fellow of the Rockef eller Foundation. 



4d4 


A. mOntzing and r. prakken 


differences. In one of the three twin pairs studied the triploid member 
was distinctly more vigorous than the diploid sister plant (Fig. 1), in 
the second pair both inembers had about the same vigour, and in the 
third pair the triploid plant seemed to be interiör in vigour in cosn- 
parison with tlie diploid sister individual. Small clones wcre made of 



Fig. 1. A twin puir of PMcum pratense. Tlie plant lo the left is triploid (2n = 63) 
and slightiy more vigorous than the diploid sister twin to the right (2n = 42). 

the six individuals, and in 1938 the average plant weight in these clones 
(the sum of two cuttings) was found to be the following. 


Field 

Chromosome 

Number of 

Average plant 

luimber 

number 

clonc plants 

weight 

4198 h 

42 

8 

224 gr. 

a 

63 

7 

240 » 

2041—2 a 

42 

4 

88 » 

b 

63 

4 

103 » 

4039 a 

42 

4 

148 » 

b 

63 

4 

131 > 
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The differences between the twin pairs are evidently much greater 
than the differences within each pair. On an average, however, the 
triploid twins seem to be equal or even superior to the diploid normal 
plants, hut more data are needed in order to prove that definitely. 


TABLE 1. Morphological data from twin clones of Phleum pratense 


Field 

number 

Chromo> 

some 

number 

Leaf 

breadth 

Leaf 

length 

Thick- 

ness of 

10 leaves 

Stein 

dia- 

meter 

Culm 

breadth 

Culm 

length 

Spikelet 

length 


(4198 b ... 

42 

. 1 

6,1. (16) 31,» (16) 

2,34 (8) 

1,1» (24) 

8,08(24) 

9,7. (24) 

4,13 (24) 


» a ... 

63 

(>,.» (14)133,0 (14) 

2,00 (7) 

1,3. (21) 

9,17(21) 

10,.o(21) 

4,02 (21) 


1 

1 

42 

6,m (8) 29,0 (8) 

2,03 (4) 

0,04 (12) 

6.40(12) 

8,00(12) 

4,00 (12) 


»-2 6 

63 

7,«3 (8) 29,3 (8) 

2,»» (4) 

l,u (12) 

7,73(12) 

10,00(12) 

4,0» (12)| 


4039 a ... 

42 

6,03 (8) 

26,0 (8) 

2,33 (4) 

1,18 (12) 

7.73(12) 

10,00(12) 

4,50 (12)1 


)) b ... 

63 

8,35 (8) 

31,4 (8) 

2 »8 (4) 

1,30 (12) 

8,7. (12) 

12,08(12) 

5,75 (12)1 


The diploid and triploid twins were further conipared by a series 
of measuremcnts, the results of which are given in Table 1. According 



Fig. 2, Culms of the Iwin pair represented in Fig. 1. The culms of the triploid 
(to the right) are somewhat bigger than those of the diploid (to the left). 

to these data the triploids have longer, broader and thicker leaves than 
the corresponding diploids and are also characterized by thicker stems, 

^ The number of measurements for each average value between brackets. For 
leaf and culm length the unit$ are cm., for the other characters mm. 

BeredUaM XXVL SO 
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loRger and thicker culms and bigger spikelets. The typical differenoes 
in culm and spikelet dimensions may also be seen from Figs. 2—3. 

Though only three diploid-triploid twin pairs were available for 
comparison, the differences observed are most probably typical of 
material of this kind. Rather similar results were also obtained from 
measurements of twin clones in Poa pratensis (Möntzino, 1940). The 
iarger dimensions of the triploid Phieum plants are indeed to be ex- 



l■'ig. 3. Spikelets of triploid P. pratense (upper row) and of the diploid sister twfn 
(lowcr row). The dimensions of the former are somewhat Iarger. 

peeted by analogy with similar changes in mimerous cases of auto- 
polyploidy previously studied (cf. MCntzing. 1936. 1937 b). 

Much to our surprise pollen fertility in the triploid members of 
the twin pairs proved to be just as good as in the corresponding diploids, 
the percentage of good pollen being almost 100 per cent in all the plants 
examined. The appearance of pollen samples from one of the twin 
pairs is evident from Figs. 4—5. The only difference to be seen is a 
difference in size, the pollen grains of the triploid being slightly Iarger 
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than those of the corresponding diploid. The same size differences 
were also observed in the olher two twin pairs. Measurements were 
undertaken in one of the pairs» the following result being obtained: 

l^ollen diameter 

10 11 12 13 14 15 16 n M d- m o® 

Diploid (4039 a) .. 1 5 25 92 34 4 161 13,o3±0»o6 0,65 

Triploid (4039 5) .. 26 39 70 13 148 14,4? ± 0, o 7 0,78 


The average values are evidently significantly different. The 
relation between the diameters is 14,47 : 13, o 3 which would 



P^igs, 4 — 5. Pollen samples from a diploid — triploid twin pair of P. pratense. In 
both twins pollen fertility is quUe good, but in the triploid (Fig. 5) the pollen grains 
are larger than in the diploid (Fig. 4). 


correspond to a relation of l,tu® or 1,37 between the average volumes, 
The relation between the chromosome numbers of the mother plants 
is 63:42 = 1,50. Owing to elimination of chromosomes at meiosis 
(cf. below) the relation between the average chromosome numbers of 
the two categories of pollen grains will be somewhat lower than l, 5 n. 
Thus, in the present material there seems to be a rather close corres- 
pondance between chromosome number and pollen grain size. 

Pollen size in the triplpid seems to be slightly more variable than 
in the diploid, the variance values being 0,78 and 0,65 respectively. How- 
ever, the odds that this difference in variability is significant are only 
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about 5 : 1, as may be controlled by the tables of Fisher and Yatrs 
(1938). 

A greater variability in size of the pollen grains produced by the 
triploid was expected, since these pollen grains must contain a variable 
number of chromqsonies. It seemed remarkable that the possible 
difference in variability was not niuch greater. However, an ex- 
planation of the unexpectedly uniform and good pollen of the triploids 
was obtained from a study of meiosis in this material. 

Before passing on to a description of meiosis, it should only be 
mentioned that fertility on the female sidc seems to be just as good as 
onHhat of the male. No exact data on seed setting in the triploid twins 
are yet aVailable, but judging from mere observations seed production 
in the triploids is as good as in the diploids. At any rate, much seed 
was obtained from crosscs between different triploids, and also sclfing 
gave a fairly good result. 


2. MEIOSIS* 

Meiosis was studied in the p. m. c. The material was fixed in 
chrome-acetic-formalin and stained with gentian violet. l'hough not 
ideal, the fixations proved to be sufficiently good to disclose the main 
features of meiosis. 

Since the twins with 63 chromosomes are autotriploid in relation 
lo the sister twins with the normal number 42, meiosis was expected to 
be rather irregular and to be characterized by a higli number of tri- 
valents and univalents. However, contrary to éxpectation, meiosis in 
the triploids was found to be remarkably regular, the number of tri- 
valents and univalents being low and the number of bivalents high. 
This was, evident from a study of diakinesis and first metaphase 
(Figs. 6—15). 

Fig. 6 represents a diakinesis from the diploid twin. The 42 
chromosomes appear as 21 bivalents. In most of the bivalents the 
chromosomes are joined by two or more chiasmata, but in some bi- 
valents there is only one chiasma. There is no evidence that the 
chiasmata are localized. 

In the triploid twin studied (4198 a) altempts were made to analyse 
a number of complete chromosome complements at diakinesis. This 
could be done more or less accurately in seven cells, but duejo the 
high number of chromosomes and a somewhat unsatisfactory fixation, 
there were a few obscure points in each cell. However, it w^as im- 
mediately obvious that most of the chromosomes were united to bi- 
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valents. In addition to these there were a few univalents and some 

quite rare trivalents. Two such nuclei are represented in Figs. 7 8. 

9 x t?*" chromosome complement probably consists of 

^ 11 , + -ä7„ + 3,. The trivalenls are indicated by single-headed arrows. 




Fig. 6. Diakinesis iii diploid Phhum praUme (2n - 42) 21.. FiaK 7 a r,;. 
kinesis m triploid Phleum prateme {2n = 63). Fig 7 prob^iv 2 +■;?• + T 

F.g. 8. probably 29., + 5.. Fig. 9, I-M (poUr view)®of dijloid P praleteXt - 


One of thcm is rather clear, the other one is somewhat more dubious. 
The cl^r one « separately drawn in Fig. 15 (the second configuration 
kT" ** bivalents 24 are quite distinct and unquestion- 

able. Of the remaining three. two (indicated by double-headed arrows) 
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Figs. 10 — 14. I — M groups in triploid Phleum pratense, Fig. 10, 28ii + 7|; Fig. 11, 
probably äOn 4- 3|; Fig. 12, probably 1 „, 4- 27„ Fig, 13, probably 2]ii 4 26||-f 5i; 
Fig. 14, side view (separately drawn), probably lu, 4- 28|| + 4, (the bracket indicates 
some not quite clear elemenU). Fig. 15, five separate trivalents from di^kinesis 
(the two to the left) and firsl metaphase (the three to the right). Fig. 16, I—A in 
diploid P, pratense (polar view), distribution 21 — 21. — Fig. 14 and the three I— M 
trivalents in Fig. 15 drawn at a magnification of 3470 X, the other figures at 

X 4170. 
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had not quite clearly visible contours, and in one case (the bivalenl 
just to the right of the nucleolus) the presence of a chiasma was not 
quite certain. However, judging from the shape and position of the 
chromosomes, they most probably constitute a bivalent and not two 
univalents. Of the three univalents one (al 2 o’clock) is quite free, but 
the other two (at 8 o’clock near the nucleolus ) form a cross. The arms 
of this cross, however, do not seem to be connected. 

Since the true configuralions at diakinesis are of imporlance, a 
second cell is represented in Fig. 8. The probable configuration in this 
cell is 29|| + 5j. No certain trivalent could be distinguished. 27 bi- 
valents are quite clear but at two points (indicated by arrows) the 
associations are somewhat obscure. The arrow at 3 o’clock points to 
a probable chiasma, but it is not excluded that the two chromosomes 
represent 2 univalents instead of a bivalent. The other (double) arrow 
indicates a chromosome complex which has been counted as In + 2,, 
though other interpretations may be possible. The grey conneclion 
between the two univsdents in the ceiitre is probably an artefact. 

In the same way 5 other diakinesis configurations from the same 
plant were analysed more or less successfully. In these additional 
cells the following probable configurations could be distinguished: 
Cell 1, 2„, + 27n + 3, (possibly only 1,„); Cell 2, 27„ + 7,; Cell 3, 
24,1 + 5, + unclear group with + 3„; ('.ell 4, 2(5, , + 4, + an unclear 
group; C.ell 5, 28„ + 4,. 

In the last four cells all the (53 chromosomes could not be 
distinguished, but nevertheless the data are mentioned in order to show 
that in all cells the number of clear bivalents was higher than 21, the 
number of univalents never higher than 7 and the frequency of tri- 
valents very low. 

The results obtained from the study of diakinesis were verified by 
observations of first metaphase (Figs. 9 — 15). In the normal twin with 
42 chromosomes 21 bivalents were found to be present at I — M (Fig, 9). 
In the triploid the sum of the bivålents and the occasional trivalents 
was hardly ever found to be lowef than 28 and the number of uni- 
valents was never higher than seven, This is evident from the following 
figures. 

Fig. 10 shows a I — M in polar view with 28„ + 7,. The univalents 
are scattered round the bivalents and may be distinguished rather 
easily. In another I — M group (Fig, 11) the number of bivalents was 
higher, the number of univalents being correspondingly lower. The 
ptobable configuration in this cell is 30„ + 3,. In other cells the 
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öf one or two trivalenls was raiher cAmu** In F4g. 12 tlie eon* 
is prolmbiy l„| + 27|, + 6,. However, the titfsaleiit (inditated 
l>y um witm) was not <påie oertain. One of the iinivalents has a fwUiar 
' marked median eonstrielioii. — In the metaphase group represented by 
Fig. 13, finally, the profoaUe oonfiguration is 2„| + 26i, + 5|, but the 
trivalents are somewhat tincerlaln, The greyish streaks connecting 
some of the chromosomes are probably arlefacts. 

The chromosome configurations at I — M are also Olustrated by 
Fig. 14, showing the result of an attempt to analyse a complete ehro- 
mosome coinplement in side view. 25 bivalents and 4 univalents could 
be distinguished quitc clearly. In addition to these were some additional 
less clear bivalents and one probable trivalent. Though all the chromo- 
soines could not be secn with accuracy, it is nevertheless evident that 
the great niajority of the chromosomes are present as typical bivalents. 
A few of them are rod-shaped, but most of them have two or more 
chiasmata. Though trivalents seem to be quite rare at I — M, a few 
associations of this kind were really observed (Fig. 15, to the right). 

The figures discussed above represent only a small part of the 
evidence gathered. The total data obtained may be summarized in the 
following way. 

In the diploid twin (2n = 42) 3 cells in polar view were found to 
contain 21 bivalents. In 4 cells in side view 20—21 bivalents could also 
be distinguished, and Ihere was no evidence of larger associations than 
bivalents. Of 80 bivalents observed in side view 28 (i. e. 35, o ± 5,3 
per cent) were rod-shaped, the majority being ring-shaped with 2 or 
more chiasmata \ 

111 the triploid (2n = 63) attempts were made to analyse 5 different 
1 — M groups in side view, but in none of them could the complete 
chromosome complement be distinguished. However, the following 
mimbers of bivalents were visible: 27, 25, 23. 28 and 27 respectively. 
Tn the same cells the number of univalents observed varied between 
4 and 7. A total of 4 more or less clear trivalents were also observed, 
no cell containing more than one trivalent. 

The proportion of rod-shaped bivalents was found to be about the 
same as in the normal twin. Of 130 bivalents studied 38 belonged to 
this calegory, the others being rings with at least 2 chiasmata. This gives 

* It is possible that the true proportion of ring bivalents is slightly liigher. 
The value mentioned is based on counts in a few, particularly clear I~M groups, 
in which the proportion of rod bivalents may be somewhat higher than the average. 
The same is true of the corresponding counts in the triploid. 
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a peroentage value of 29,2 + 4,o. The difference between this value and 
Ihe i^orresponding percentage of the diploid 35 , ± 5,3 is not significant 
At any rate, the triploid is not characterized by a higher frequency of 
rod bivaients than the diploid. 

In the triploid a total of 11 cells in polar view were studied. In 
seven of these the total number of chromosomes was found to be 63. 
These célÉ represented the following configurations: 28n + 7, (3 cells), 
^iii + 27,, + 6, (2 cells); 2,„ + 26„ + 5, (1 cell) and 30„ + 3, (1 cell). 
In the remaining 4 cells one cliromosome was lacking, the total number 
of chromosomes distinguished being 62. Though these configurations 
are incomplete the configurations observed may be mentioned, viz. 
28„ + 6, (2 cells); 1,„ + 27„ + 5, (1 cell) and l,„ + 26„ + 7, (1 cell). 
In the last-mentioned cell the sum of the bivaients and trivalents is 
inost probably not higher than 27. This is the only exception so far 
observed to the rule that the sum of bivaients and trivalents in this 
material is not lower than 28. 

The niore or less successful analysis of cntire I — M groups was 
supplemented by counts of the number of univalents per cell. Counts 
in four different slides ga ve the following total results: 



Number of univalents 

Number of 

M Jr m 


2 3 

4 

5 S 

7 

cells 

Polar view 

2 

4 

7 10 

6 

29 

5,48 db 0,22 

Side view 1 

2 9 

15 

30 24 

9 

89 

5,03 rb 0,12 


Since some univalents may have been overlooked, the numbers 
counted represent minimum values. However, the difference between 
the true and the calculated average values must be relatively slight, 
the univalents generally lying more or less peripherically and thus being 
easy to distinguish. At any rate, the true average value is lower than 7, 
some cells certainly having less than 7 univalents. It is still more 
important, however, that not a single one of the 118 cells studied was 
found to contain more than 7 univalents. 

When comparing diakinesis and first metaphase the frequency of 
univalents seems to be somewhat higher at the latter stage. In seven 
diakinesis cells the probable number of univalents varied from 3 to 7 
with an average of 4,43. On inspection of a larger number of cells at 
diakinesis the impression was obtained that the number of univalents 
at this stage was in fact slightly lower than at first metaphase. 
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First anaphase is quite regular in the diploid, 21 chromosnmes going 
to each pole. In some cells the position of the chromosomes was found 
to be so regular that the corresponding chromosomes in the two anaphasie 
groups could be distinguished without difficulty (Fig. 16); First 
anaphase in the.triploid (Figs. 17 — 18) is also rather regular, though 
minor complications arise due to the presence of univalents. Most of 
the univalents present at I — M lag and split at I — ^A, hut some of them, 
lying far from the equator, pass to the poles undivided. The division 
of the univalents takes place at late anaphase and has not yel occurred 
in the cells represented by Figs. 17 — 18. In Fig. 17 the 1 — M con- 
figuration has evidently been 29„ + 5, (or possibly 2„, + 26„ + 5|). 
At 1 — A three of the univalents are lagging, but the remaining two 
(indicated by arrows) are situated below the lower of the anaphase 
groups and would certainly be included in the interphase nucleus with- 
out division. The 29 chromosomes in the two anaphase groups have a 
corresponding position, which makes it pössible to decide rather 
accurately which chromosomes have been united as bivalents at I — M. 
The same corresponding position may also be seen rather well dan the 
anaphase chromosomes of Fig. 18. In this cell the two anaphase groups 
contahi 28 chromosomes, 7 chromosomes being situated between the 
groups. All these 7 chromosomes are probably former I — M univalents, 
though the possibility is not quite excluded that some of them might be 
delayed members of previous bi- or trivalents. However, the strict 
correspondance of the members in the two anaphase groups represents 
evideiice against such an interpretation. 

The number of univalents dividing at late I — A was counted in 
four slides with the following total result: 

Number of dividing univalents: 0 1 234567 n M + m 

» » cells: 2 4 8 8 12 9 4 2 49 3,57±0,i-> 

The average number of dividing univalents is evidently significantly 
lower than the number of univalents present at I — M (5,48 ± 0,22 in 

Figs. 17 — 18, I — A in triploid Phleum pratense (polar view). Fig 17, distribution 
29 — 3 — 31 (two elements in the right group, indicated by arrows, are undivided 
univalents lying al a deep level), Fig. 18, distribution 28 — 7 — 28. — Fig. 19, early 
interphase in diploid P. pratense ^ 21 chromosomes in each nucleus. Fig. 20, early 
interphase in triploid P. pratense, (In the lower nucleus 29 chromosomes + 5 half 
univalents, in the Upper nucleus 30 chromosomes + 3 half univalents.) Fig. 21, II — M 
in triploid P. pratense. (In the left group probably 31 chromosomes -h 2 half uni- 
valents; near the right grotip one climinated half univalent; in the right group 
probably 29 chromosomes -i- 3 half univalents.) — X 4170. 
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polar view and 5,o3 ± 0,12 in side view). This confirms the observation 
that a proportion of the univalents pass to the poles without division. 

The fate of the univalents and the chromosome distribution could 
be further studied at interphme, the chromosomes at the early part of 
this slage being clearly visible (Figs. 19 — 20). A typical interphase 
from the tripioid is represented by Fig. 20, which may be compared 
wilh the corresponding stage in the diploid (Fig. 19). In Fig. 19 there 
are, as expected, 21 chromosomes in cach cell, in Fig. 20 the situation 
is more complicated. In the lower nucleus there are 29 ordinary 
chromosomes and probably 5 half univalents (one of these apparently 
divided into two parts, due to the pronounced median constriction). 
In the other nucleus there are 30 ordinary chromosomes and 3 half 
univalents. This result shows that the two halves of a split univalent 
may sometimes be included in the same interphase nucleus. 

Al interphase the proportion of eliminated chromosomes was found 
to be quite low. Thus, even the products of the lagging and splitting 
univalents are in most cases included in the nuclei. In 78 cells observed, 
the mimber of eliminated chromatids was found to be the following: 

Number of eliminated chromatids: 0 1 2 3 n M 

» p. m. c.: 52 11 13 2 78 0,r»5 

The eliminated chromatids were generally present as half uni- 
valents. bul in some cases the two chromatids of a univalent had not 
separated. In most of the pollen mother cells, however, there was no 
chromosome elimination at this stage, the average number of eliminated 
chromatids being as low as 0,55. 

At interphase the chromosome distribution was studied in ten cells, 
including the one described above (Fig. 20). In six of these cells it was 
possible with more or less accuracy to distinguish the split univalents 
from the other chromosomes. In these cells the distribution was the 
following: (29 + 5/2) — (30 + 3/2) (Fig. 20) ; (29 + 4/2) — (31 + 2/2); 
(28 + 5/2) — (31+3/2); (30 + 2/2) — (31+2/2); (29 + 2/2) — 
2/2 eliminated — (32 + 0); (29 + 2/2) — 2/2 eliminated — (30 + 2/2). 
In the last-mentioned cell a total of only 62 chromosomes could be 
distinguished. In 4 additional cells the split univalents could not with 
certainty be distinguished from the other chromosomes. The npmber 
of elements in the two nuclei of these p. m. c. were 32 — 33, 32 — 35, 
3i — 32 and 34 — 35 respectively. Since the total number of elements in 
these cells varies from 63 to 69, this represents additional evidence that 
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tlie univalents splitting at I — A are often included in the interphase 
nuclel 

Al second metaphase the split univalents could be distinguished 
lather well from the other chromosomes. In Fig. 21 the metaphase 
group to the left most probably contains 31 ordinary chromosomes + 2 
half univalents (at 3 o’clock). The other group seems to be coraposed 
of 29 chromosomes + 3 half univalents. One half univalent is eliminated. 
Thus, in this case 3 univalents ha ve evidently divided a t first anaphase. 

The number of half univalents lying more or less scattered outside 
the II — M plates was counted in 22 p. m. c. The number of such 
elements per II — M plate was found to vary between 0 and 5 with an 
average of 2,32. Since the average number of univalents dividing at 
I — A was found to be 3,57 the majority of the split univalents evidently 
lie more or less scattered round the II — M plates. 

At second anaphase lagging chromosomes were frequenl, these 
laggards undoubtedly being represented by the split univalents. The 
number of lagging chromosomes was counted in 50 cells, the result 
being the following: 

Number of lagging chromosomes: 1 2 3 4 5 6 n M 

» » cells: 4 11 8 14 8 5 50 3,52 

The average number of lagging chromosomes closely corresponds 
lo the average number of univalents dividing at I — A, the two values 
being 3,52 and 3,5? respectively. Thus, it is highly probable, as is usual 
in such cases, that univalents dividing at I — A and being included in 
the daughter nuclei appear as laggards at II — A. A small proportion of 
the split univalents is eliminated already in the first division, but most 
of the elimination evidently takes place at II — A. 

An attempt was made to estimale the degree of elimination by 
observations of the number of eliminated chromosomes in young tetrads. 
These eliminated chromosomes were in a few cases lying in clear micro- 
nuclei but generally apparently free in the plasni. In most cases the 
eliminated bodies evidently correspond to one chromatid (—half a 
univalent), but sometimes apparently to two chromatids. In a few cases 
the chromosomal nature of the eliminated bodies was doubtful. Even 
if, for these reasons, the counts are not quite aceurate, they nevertheless 
represent the true situation fairly well. The following numbers were 
found: 

Number of eliminated chromatids: 0 1 2 3 45n M 

» ^ tetrad cells: 34 50 28 24 7 1 144 1,47 
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The average value allows a calculation of the probable average 
number of chromosomes in the male gametes of the triploid plants. 
Thi$ woold be 63/2 — 1,47 = 30,08. If the same degree of elimination 
oecurs in the ovules, and if there is no selective zygotic elimination, the 
average chromosome number of the offspring would be 60,o6. At any 
rate, owing to the observed elimination of chromosomes, the average 
chromosome number in the offspring should be lower than 63. It might 
iilso be predicted that in the progenies of the triploid twins the chromo* 
some number should only in vcry exceplional cases be lower than 56, 
practically all gametes receiving at least 28 chromosomes. As described 
below these predictions were indeed verified. 

III. PROGENIES OF TRIPLOID TWINS. 

1. MATERIAL. 

In 1936 the three twins with 63 chromosomes (Nos. 4198 a, 2041 — 
2 b and 4039 5) flowered for the first timc. The culms produced were 
in part isuiated, in part cross-pollinated. Seed after isolation was ob- 
tained from 4198 o and 4039 b and after Crossing from the combinations 
4198 a X 4039 b and reciprocally, 4039 b X 2041—2 b and 2041—2 b X 
X 4198 a. The seeds obtained were quite good and were observed to 
be larger than ordinary timothy seeds. They were germinated in April, 
1937 on a germination apparatus, the seedlings were planted in boxes 
with sterilized soil and later on transplanted to the field. Germination 
was quite good, the percentage values being 99 for the seed obtained 
after isolation (122 seedlings from 123 seeds) as well as for the cross- 
pollinated seed (1589 seedlings from 1611 .seeds). As a standard seed 
of the commercial variety »Gloria» (2n = 42) was germinated at the 
same tiine. The percentage of germination of the standard was 98. 
In the field the plants were planted in rows with the distances 40 cm. 
belweeri the plants and 60 cm. between the rows. Every lOth plant in 
the rows was a standard plant, thus allowing a rather good comparison 
between standard and the material to be tested. 

2. CHROMOSOMAL VARIATION. 

Since the offspring of the triploid plants was represented by as 
many as 1711 seedlings, it was not po,ssible to determine the somatic 
chromosome number in all this material. However, a rathcir good idea 
of the ehromosomal variation was gathered from counts in a total of 
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186 individua]s. The majority of the fixations (148) were made at the 
seedling stage, care being taken to avoid selection of special seedlings. 
Later on 38 fixations were also made from especially vigorous plants 
in the field. The results of tlie chromosome counts are given in Table 2. 

■ The main fesult öf the chromosome counts is the fact that of the 
186 individuals tested not a single one had a lower chromosome number 
thcm 56. This is a verification of the meiotic observation that practically 
all gametes receive at least 28 chromosomes. The kind of chromosomal 
variation in the offspring is also in harmony with the observed mode of 
meiosis. The numbers found range from 56 to 64, thus most of the 


TABLE 2. Chromosome numbers in the offspring of triploid 
Phleum pratense (2n = 63). 


Field number 


Somatic chromosome number 

56 57 58 59 60 61 62 63 64 

n 

M 

G* 

37-2 


C 

3 

1 

6 

10 

8 

7 

1 

3 

1 


59,63 


--3 

3 

O 

.2 

2 

2 

5 

10 

8 

9 

2 

2 

4 

44 



—4 

£ 

0 

v 

1 

2 

2 

5 

6 

3 

2 

5 

1 

27 



-5 

5 : 

0 

SA 

4 

3 

6 

8 

11 

3 

1 

1 


37 

59,00 


Total 



10 

8 

19 

33 

33 

22 

6 

11 

6 

148 

59, T8 

3,87 

37-1 

V3 

S 

0 


3 

2 

1 

■ 

1 





7 

57,14 


-2 

0 

VI 


1 

1 







2 

57,80 


-3 


C 

1 

— 

2 

6 

2 

3 

1 

4 

2 

21 

60,32 


—5 

£ 

iS 

'E- 


1 

2 

— 

2 

— 

1 



6 

59,17 


-6 

0 

£ 





1 

— 

1 




2 

60 ,00 


Total 

1/5 


4 

T 

6 

7 

5 

4 

T 

4 

2 

38 I 

59,30 

5,43 

Total of all values 


14 12 25 40 38 26 

8 15 

8 

186 

59,08 



plants had numbers lower than those of tbe mother plants. A calculation 
of percentage values gives 87,6 per cent with lower numbers than the 
mother plants, 8,i per cent with the same number and only 4,3 per cent 
with a higher number. 

All the progenies are similar in this respect,the progenies raised af ter 
isolation beliaving in the same way as those obtained after Crossing. 
The same range of chromosome variation was also found among the 
selected vigorous plants as among those taken at random. 

The total average chromosome number in the progenies is 59,66, 
this value being 3,34 lower than 63, the chromosome number of the 
mother plants. The average decrease is certainly due to the chromo- 
somal elimination occurring at meiosis in the mother plants. According 
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to the meiotic data given abovc (p. 478) the average chromosome 
number of the gametes was calculated to be 30, us. The union of such 
gametes would result in an average chromosome number of 60, oe. The 
agreement between expectation ( 60 , 06 ) and observation (59,66) is evidently 
quite good. 

For control a few chromosome counts were also undertaken in the 
standard variety »Gloria». Eight piants were examined and, as ex- 
pected, found to have 2n = 42, the normal chromosome number of 
Phleum prnteme. 

3. PLANT VEIGHT. 

The material available allowed a rather accurate comparison be- 
tween the progenies of twin piants with 2n = 63 and the commercial' 


TABLE 3. Plant weight in the of f spring of Phleum pratense twins with 

63 chromosomes. 


Field 

number 

0 

2 

Sum of 4 weighings (in hg.) 

4 6 8 10 12 14 16 

18 

20 

n 

M ± m 
(in Kr.) 

0* 

(37-1 

8 

32 

32 

34 

25 

11 

12 

1 

3 


178 

658 ± 24 

2,8» 

I standard 


3 

2 

4 

5 

3 

2 

1 



20 

830 ± 70 

2,98 

37-2 

2 

2 

9 

24 

22 

9 

6 

3 

1 


78 

844 i: 36 

2,38 

standard 


2 

1 

1 

5 

4 

1 




14 

858 i 84 

2, .14 

37-3 

10 

33 

80 

155 

138 

115 

36 

13 

’7 


587 

832±.14 

2,81 

standard 


7 

7 

18 

11 

10 

12 

2 

— 

1 

68 

876 ± 38 

3,12 

(37-4 

2 

7 

13 

6 

3 






31 

506 ± 56 

1,10 

standard 




1 

— 

2 

— 

1 




1100 i 157 

2,67 

1 37—5 

12 

31 

60 

113 

108 

75 

39 

9 

3 


450 

820 ± 15 

2,47 

1 standard | 


10 

t) 

10 

5 

13 

5 

3 

1 

1 

54 

860 ± 43 

4,20 

37-6 

2 

12 

18 

12 

3 






47 

508 ± 46 

0,05 

1 Standard 
37-l-^6, 



1 

1 

2 

— 

1 




5 

860 ± 140 

2,20 

total 

standard, 

36 

117 

232 

344 

299 

210 

93 

26 

14 


1371 

787 ± 8 

2,56 

1 total 


22 

17 

35 

28 

32 

21 

7 

1 

2 

165 

867 ± 25 

3,80 


variety »Gloria», having the normal chromosome number 42. The first 
thing to be studied was vigour and productivity as measured by plant 
weight. The field piants were cut and weighed four times (once in 
1937, twice in 1938 and once in 1939). The sum of these weighings 
may be considered to be a good expression of vigour in this material. 
The results obtained are summarized in Table 3. 

The first fact to be seen from the table is that the tötal yield of the 
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91 X 1 families is less good than that of the standard, the average values 
being 787 + 8 and 867 + 25 gr. respectively. The dif ference is significant 
{D/m = 3 , 12 ). However, among the six families there are considerable 
differences, some of them having about the same average value as the 
standard, others being quite inferior. The best families are those in- 
volving the mother plant 4198 a, which had previously been observed 
to be mucli more vigorous than the other two twins with 2n == 63 
(4039 & and 2041 — 2 b), Progeny 2 is the offspring of isolation of 
4198 a, and though timothy is a plant species which is rather sensitive 
lo inbreediiig (Sylvén, 1929; Valle, 1931), the average valire 844 ± 36 
is almost as high as that of the corresponding standard, 858 ± 84. The 
difference is not significant. In three other progenies, 37 — 1, 37 — 3, 
and 37 — 5, the mother plant 4198a is also involved. Two of these 
represent crosses 4198 a X 4039 b (37 — 3) and reciprocally (37 — 5), and 
in these progenies the average values are quite good and not significantly 
lower than those of the standard. In the third family (37 — 1) the 
average vigour is rather poor and most probably lower than in the 
standard (D/m == 2 , 32 ). This family is derived from the cross 2041 — 2 b X 
X 4198 a. Evidently this cross combination is rather unfavourable, 
the plant 2041 — 2 b being rather poor. It is also possible that a con- 
siderable proportion of the plants are the result of self-fertilutation, the 
self-sterility of the mother plants (in this case 2041—2 b) not being 
complete. The two reniaining families (37 — 4 and 37 — 6) are very poor, 
and this is not surprising, since they do not involve the vigorous tri- 
ploid twin 4198 a. 37 — 4 is derived from isolation of 4039 b, and 37 — 6 
represen ts the cross 4039 b X 2041 — 2 b. 

In spite of the fact that there is a good deal of chromosome variation 
in the progenies of triploid twins, these progenies appeared just as 
uniform in the field as the cytologically stable standard variety. In 
fact, the variance values of the twin progenies were all found to be 
lower than those of the corresponding standard plants. This, however, 
may be due to the fact that the standard plants were growing at wider 
distances from each other than the other plants, thus being more ex- 
posed to the soil variation, At any rate, the variability in the twin 
progenies, in spite of the chromosomal diversily, was of about the same 
order as in the standard variety. 

When comparing the vigour of the twin progenies and the standard, 
the different weighings were observed to give rather different results. 
This implies that in the beginning, when the plants were young, the 
twin progenies were more vigorous in relation to the standard than 

Htredim XXVI. 31 



482 


A. M0NTJZ£iNO ANP R. PBAKREN 


later an. Thus, at the first weighing in 1937 the total average of the 
twin progenies was 140,25 ±.l,7o gr., the corresponding average of the 
standard, 123,15 ± 4,64 gr., being significantly lower. 

However, in the following year, 1938, when the plants had wintered, 
the twin progenies yielded less than the standard, and this decrease 
continued also in 1939. If the standard average every time is given 
the value 100, the corresponding average of the twin progenies was 
114 in 1937, 97 in 1938 and 91 in 1939. These values are based on the 
total yield, the value 97 in 1938 representing the sum of the yield in 
1937 and 1938 and the value 91 in 1939 the sum of the weight in all 
three years. This obvious change in the relation between twin progenies 
and standard is probably due in the first place to a difference in winter 
hardiness. Further, the high weight of the twin progenies in the first 
siimmér may be connected with the fact that the seedlings of this 
material get a better start than the seedlings of the standard. Though 
germinating siinultaneously with the standard, the seedlings of the twin 
progenies already at an early stage were conspicuously larger than the 
standard seedlings. This early difference is probably in part connected 
with the observed difference in seed size, the bigger seeds giving more 
vigorous seedlings. Thus, the higher chromosome nuniber of the tri- 
ploid twins is probably in this way advantageous to the early develop- 
ment of the offspring, and this initial advantage may partly be 
responsible for the good yield of the first crop. The good development 
of the offspring in the first year must also and perhaps in the first 
place be ascribed to a general effect of the increased chromosome num- 
ber. Later on, however, the favourable relation between the yield of 
the twin progenies and the standard is disturbed by the insufficient 
average hardiness of the former. 

4. CORRELATION BETVEEN CHROMOSOME NUMBER AND VIGOUR. 

As the twin progenies consisled of plants with at least nine differ- 
ent chromosome numbers, it was desirable to test the possible occurrence 
of a correlation between chromosome number and vigour. For this 
study 184 individuals with known chromosome numbers were available. 
Considering first the correlation between chromsome number and total 
yield in the three years, the following average values were obtained in 
the different chromosome classes: 


Chromosome number: 

Average weight: 

Plant number: 


56 57 58 59 60 61 62 63 64 

894 1013 1005 848 825 889 806 845 1050 

13 12 25 39 38 26 8 15 8 



PHLEUM TWINS 


483 


These values do not reveal any obvious cor- 
relation. If, however, the material is concentrated 
to the three chromosome classes 56 — 58, 59 — 61 
and 62 — 64 the following distribution of tlie 
variates is obtained (Table 4). 

According to this table the plants having 
59 — 61 chromosomes are probably less vigorous 
than those having 56 — 58 chromosomes, the 
average weight values being 849,« ± 28,4 and 
978,0 + 49,0 respectively. The difference is 128,2 ± 
± 56,6 and D/m = 2,27. The plants with the highest 
chromosome numbers, 62 — 64, also seeni to be 
more vigorous than those having interniediate 
numbers, but this difference is too slight to be 
of any significance. 

The real occurrence of a correlation between 
chromosome number and vigour is strenglhened 
by the following data. It was observed that at 
the last weighing in 1939 the weight differences 
between the chromosome classes were much more 
pronounced than at the first weighing in 1937. 

In the first weighing the absolute weight 
values in the three chromosome classes were 184,o, 
168,7 and 175, o respectively. In the fourth weighing 
the corresponding values were found to be 266, o, 
212,9 and 234,7. In the latter series the difference 
between the average values 266, o and 212, o was 
found to be 53,i ± 20,2. This gives a D/m value of 
2,63, which strongly indicates that the intermediate 
chromosome dass in this year was less vigorous 
than the 56 — 58 dass. For comparison it may also 
be convenient to give the relative values in the 


following manner: 





Chromosome classes 


56—58 

59 -61 

62—64 

1st weighing: . . 

.. 109 

100 

104 

4th » : . . 

, 125 

100 

110 


Evidently the weight minimum in the inter- 
mediate chromosome dass is much more 
pronounced at the fourth weighing in 1939 than 
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at the iirst weighing in 1937. This strongly indicates tbat ttie plants 
having 59 — 61 chromosomes are less resistant to frost and other adverse 
environmental conditions than those having exactly or approximaiely 
the euploid number 56. The plants with ± 63 chromosomes also seem 
to be better than the intermediate dass, but this difference is not certain. 

More evidence as to the occurrence of correlation between chro- 
mosome number and vigour was obtained from a comparison between 
the chromosome numbers of the plants taken at random and those 
selected on account of their high weight. 

According to Table 2 the average chromosome number of the plants 
taken at random is approximately the same as the average chromosome 
number of the selected vigorous plants, the two values being 59,73 and 59, so 
respectively. However, the two series seem to differ from each other in 
another respect, viz. the degree of variance. Among the selected plants 
the numbers approaching the extreme values 56 and 64 are relatively 
more numerous than those having intermediate chromosome numbers. 
This implies an inereased variability in comparison with the other 
series, in which the variates are more concentrated in the middle. The 
variance values of the two series were found to be 5,45 and 3,87 respect- 
ively (Table 2). It is rather probable that the former variance is really 
greater than the latter, since the relation is 5,45 : 3,87 ==: l,4i and P about 
0,1 (according to the tables by Fisher and Yates, 1938). This result 
represents additional evidence that the plants having the exaet or ap- 
proximate 8x constitution are slightly more vigorous than those having 
numbers intermediate between 56 and 63. It is also possible that the 
plants having + 63 chromosomes are more vigorous than the inter- 
mediate dass. but the evidence for this conclusion is less convincing. 


5. FERTILITY. 

As in the mother plants, fertility proved to be perfectly good in 
the twin progenies. Since, in order to get their weight, the field plants 
were cut down before the seeds were ripe, an estimation of seed setting 
could only be made on pot plants cultivated in the greenhouse. The 
plants, representing the whole range of chromosome numbers, had been 
laken from the field in order to raise progeny after isolation or Cross- 
ing. In plants having flowered in Crossing groups the number of seeds 
per cm. of the eulm was found to range from 0 to 116, the average 
value being 55,7. This is a degree of seed setting quite comparable to 
that found in ordinary timothy (cf. Möntzing, 1935, p. 105). 
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More precise information as to fertility was gathered from an 
examination of pollen samples, which could be taken before the plants 
were cut and weighed. The following results were obtaihed: 

Per cent good pollen 

75—80 — 85 - 90 — 95 — 100 n M 

Plants in the twin progenies: . . 1 — 5 39 167 212 96,25 

Standard plants: 1 1 3 3 8 92,r>o 

Besides the standard plants having 80 — 100 per cent good pollen 

there was one male sterile standard individual with non-dehiscing 
anthers. 

According to these data pollen fertility in the twin progenies is 
perfectly good and at least as good as in the standard variety. The 
pollen samples in the Iwin progenies were in the first place taken from 
the plants with known chromosome numbers. As practically all the 
plants were found to have 90 — 100 per cent good pollen, there is no 
correlation between pollen fertility and chromosome nuniber. The 
pollen is good irrespective of the chromosome number. 


IV. DISCUSSION* 

The twin plants with 2n = 63 are undoubtedly autopolyploid. They 
develop from the same seeds as the sister twins with 2n == 42 and are 
most probably the result of a union between unreduced ovules and 
reduced male gametes (MCntzing, 1937 a, p. 222). In a previous paper 
(MOntzing, 1935) the genomatic constitution of Phleum pratense was 
given as NN AA BB. C.onsequently the twins with 63 chromosomes 
should have the formula NNN AAA BBB. 

It is true that among the three sets of 21 chromosomes, constituting 
the triploid twins, there are certainly gene differences, Phleum pratense 
being a cross-fertilizing species. However, just as the two sets of 21 
chromosomes in diploid pratense conjugate quite normally in spite of 
the presence of gene differences, the same good conjugation should 
be expected in the triploid twins between the three sets of 21 chromo- 
somes. This would give rise to a considerable frequency of trivalents of 
the constifutiotf TVNN, AAA and BBB, a maximmntxf 21 trivalents being 
possible. Obviously, however, this mode of conjugation was not met 
wdlh, the trivalents being quite rare and no possibly occurring larger 
associations being observed with certainty. At diakinesis the number 
of trivalents was certainly not higher than one or two, and at first 
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metaphase the number was evidently still lower. Oiily in a few I — M 
groups could quite clear trivalenis be distinguished, and in comparison 
with the bivalents they were quite exceptional. 

The very low frequency of trivalents must evidently be considered 
in connection with the unexpectedly high frequency of bivalents. In the 
absence of trivalents, 28 was the most frequent number of bivalents, and 
if the cell contained one or a few trivalents, the sum of the bivalents 
and trivalents was not lower than 28 \ The correctness of Ihese ob- 
servations was verified by chromosome counts in the offspring. Of 186 
plants examined not a single one had less than 56 chromosomes. 

The increased number of bivalents must be due to intergenomatic 
pairing between the N, A and B genomes. Since the expected number 
of associations is increased by seven, from 21 to 28, two of the three 
genomes may be supposed to be homologous. Assuming arbitrarily 
that these genomes are A and B, their homology is bettcr indicatcd by 
using the symbols Ai and Aa. Thus, the genome formula of diploid and 
triploid prateme would be NN A,Ai AyAa and NNN A,AiAi A 2 A 2 A 2 
respectively. In the triploid the 28 bivalents formed would consist of 
NN + AtAj + A 2 A 2 + AiAo. The remaining seven N chromosomes 
evidently may sometimes associate with homologous chromosomes 
(probably in the first place with the other N chromosomes, cf. below 
p. 488), giving a few trivalents, but most of them appear as univalents. 
In a few cases the number of bivalents or bivalents + trivalents was 
found to be higher than 28. This can only be explained by assuming 
a certain extent of intragenomatic homology. Pending more accurate 
data on the occurrence of more than 28 associations at diakinesis and 
I — M in the triploid twins, a detailed consideration of this probable 
intragenomatic pairing may be postponed till later on. The important 
thing to be discussed now is the intergenomatic pairing and the very 
low frequency of trivalenis. 

The homology between at least two of the pratense genomes has 
already been demonstrated by Nordenskiöld (1937). From crosses 
between Phleum pratense (2n = 42) and P. nodosum (2n = 14) this 
author obtained two hybrid plants having 2n = 28. In these hybrids 
meiosis was found to be quite regular, 14, , being the typical I — M con- 
figuration. In a few cells a ring-shaped quadrivalent was also observed. 
The regular meiosis in this hybrid combination is evidently in perfect 
agreement with the mode of meiosis in the triploid pratense twins. Using 


* With one possible exception (p. 473). 




PHLEUM TWINS 


4«7 


the same genome symbols, Phleum nodosum wiil have the constitutiou 
NN, P. pratense NN AiAi A 2 A 2 and the Fi hybrids NN A 1 A 2 , The form- 
ation of 14 bivalents in the hybrid is most probably due to conjugation 
of N with N and Ai with A 2 . Thus, the Ai and A^ genoines pair regularly 
just as in the triploid pratense twins. 

Though the homology of At and An helps to explain the high num- 
ber of bivalents in the triploid pratense twins, it leaves the main problem 
unsolved, viz. the remarkably low frequency of trivalents. This is not 
due to a general inability of the Phleum pratense and nodosum chro- 
mosomes to form multivalents. In the material previously studied by 
MCntzing (1935) and Nordenskiöld (1937) associations of 3, 4 or 
even 5 cliromosomes occurred in various hybrids or autopolyploid 
forms. Tliis is not surprising since the chiasma frequency is, indeed, 
sufficiently high to pennit the formation of such multivalents. In the 
triploid twins (2n==63) the majority of the I — M bivalents were rings 
with a least 2 chiasmata. At diakinesis the chiasma number in the 
bivalents was found to range from 1 to 3 or even 4 (Figs. h — 8). It 
also seems clear that the chiasmata are not localized to special regions, 
which would have been an obstacle to niultivalent formation. 

Thus, the Phleum chromosomes are not incnpable of forming multi- 
valents, but there is a tendency for such associations to be formed only 
when there is no opportunity of pairing two-by-two. In autotriploid 
Phleum nodosum (2n==21) trivalents were not rare (Nordenskiöld, 
1937) one metaphase group reproduced showing the configuralion 
4iii + 3|, + 3i (1. c. Fig. 5). In the triploid Phleum pratense (2n=83) 
there are also three quite homologous N genomes besides the Ai and An 
genomes. Since the latter form only bivalents (A, — Ai, A 2 — Aa and 
Al — Aa) the pairing of the N genomes in the triploid pratense should 
be expected lo be of exactly the same kind as in the triploid nodosum, 
This is not the case, however, the frequency of trivalents evidently 
being much lower in triploid pratense than in triploid nodosum. This 
difference may be attributed to the difference in absolute chromosome 
number. In triploid nodosum, having only 21 chromosomes, the chance 
that the three homologous chromosomes find each other and get paired 
at zygotene is much greater than in triploid pratense, in which the 
chromosome number is three times as high. 

In this connection the results of Upcott (1939 a) are interesting. 
The chiasma frequency of the duplex tetraploid hybrid between Primula 
floribunda and P. uerticillata was found to be slightly lower than in the 
parent species. Other tetraploids, equally allo and auto, were found to 
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^dhey ttie mme reduction rule Acccrding lo Upcott the tnos^ fir^baMe 
eEfribmiitioii is ttiat in the tetraploMs the more Bumerous. idiroiiiosoBiee 
iake longer to pair and tberefore partially fail to aesodale, the tÉ^ei^pmmy 
of chiasmata being proportional to the amount of pairing. 

In the pentaploid Phleum nodomm X pratense hybrids (2n =s= S8), 
studied by Nobdenskiöld <1937), the preliminary data demonstrate a 
rather high degree of multivalent formation. Two metaphase groups 
reproduced represent the configurations 2|v + 2u, + 8|, + 5, and 2v + 
+ 2,„ + 8„ + 3i (1. c. Figs. 3 — 4). Hybrids of this kind ha ve the con* 
stitution NNNAiAit. If chromosorae pairing in such hybrids proceeded 
along the same lines as in triploid pratense, the typical configuration 
should be 14|| + Tj. A low frequency of trivalents might also be ex- 
pected, the sum of bi- and trivalents not being higher than 14. Evidently, 
the degree of multivalent formation is grealer than expected, and this 
may perhaps be attributed to the difference in absolute chromosome 
number, 35 versus 63, — In the pentaploid hybrid not only the homology 
between the N genomes and the homology between A^ and A2 results in 
pairing but also a partial homology between the N and the A genomes. 
In the tetraploid pratense X nodosum hybrid discussed above a few 
quadrivalents were also observed. These must also result from the 
occasional association of A and N chromosomes. 

It is remarkable that in triploid pratense pairing between the Ai 
and Ai genomes is much more easily realized than pairing between 
the three At genomes or the three Az genomes. Thus, bivalents of the 
type Al — Ai are regularly formed in spite of the fact that the At and Ai 
genomes might be supposed to be only partially homologous. On the 
other hand, the perfectiy homologous associations Ai — A, — Ai and 
Ai — Ai — Ai are very seldom realized. If the low frequency of multi- 
valents in the plants with 2n = 63 was due solely to the high absolute 
chromosome number, making it difficult for the homologous chromo- 
somes to find each other, it is bard to understand why the seven Ai — Aa 
bivalents are regularly formed and not Ai — A, — Ai and Ai — Aa — Aa tri- 
valents. 

The possibility is not excluded that the Ai and A 2 genomes are in 
reality perfectiy homologous (cf. below p. 493), but even on this assump- 
tion the mode of chromosome conjugation in triploid pratense is peculiar, 
Moreover, if Ai and A 2 are homologous they should be expected to give 

* . This rule, however. is not witfaout exceptions. In autotetraploid DäctyHs 
fftomerata the chiasma frequency was the same as or even somewhat h^h^ than 
in dlploid Dactylis Aschersoniana (MCntzing, 19S7b, .p. t54). 



-pmmm twins 


miillivaleiits i» piire FMenm prateme, but apart from rare €iaceptiotis 
such midtivalents are not formed, the typical I — M configuralioii of 
Fhleum prateme being 21„, 

As already pointed out above, the only possibiiity is to assume that 
the tendency to two-by-two pairing in this species is much more marked 
than the tendency to an association of three or more homologous 
chromosomes. 

In Pyrus malus the number of bivalents is also higher in triploids 
than in diploids (Nebel, Darlington and Moffett, cited from 
Dahlington, 1937, p. 207). However, triploid Pyrus malus differs from 
the corresponding form of Phleum pratense by showing a rather high 
frequency of trivalents, and in addition Ihere are also larger 
associations. 

The cytological conditions in Phleum are paraileled to a large 
extcnt by similar phenomena in Solamim nigrum (Jorgensen, 1928). 
This is a polyploid species, the chromosome number being 2n = 72. 
Though irregularities were not entirely absent, meiosis in the diploid 
nigrum was generally characterized by an almost mechanical regularity. 
The first and second metapliase plates were always found to contain 
36 chromosomes. At diakinesis there were probably 36 gemini, though 
Ihe presence of a few trivalents or quadrivalents was not quite excluded. 
In haploid nigrum 36 univalents might be expected at meiosis, but the 
homology between the genomes constituting the species revealed itself 
by the formation of 12„ + 12j in typical cases. No quite clear as- 
sociations of three chromosomes were observed in the p. m. c., but in 
the megaspore mother cells a few trivalents could be distinguished. 
This indicates that S. nigrum contains three more or less homologous 
genomes (J0RGENSEN, 1. c. p. 195). 

The meiotic conditions in triploid Solanum nigrum are of still more 
interest with regard to our material. According to Jqrgensen (1. c. 
pp. 181 — 183), most of the 108 chromosomes form bivalents, the number 
of elements present at I — M varying between 50 and 65. Since only 
bivalents and univalents seemed to occur, it was concluded that the 
three sets of 36 chromosomes combined in such a way that two of them 
formed 36|„ the chromosomes of the third set pairing inter se. Thus, 
the triploid nigrum behaved as if composed of a diploid and a haploid, 
the scheme 36, | + 12„ +12, being approached. 

Evidently, the mode of meiosis in this triploid is of exactly the same 
type as in Phleum pratense. In both species trivalents are absent or 
at least rather rare. This is very striking, since the perfect homology 



490 


A. MtlNTZING AND R. PRAKKEN 


between the three sets of chromosomes would be expected to permit 
the onioii of all the chromosomes into trivalents. Hius, in fhese tri* 
ploids other strong factors besides chromosome homology are of prime 
importance for the mode of chromosome association. 

In other respects there are some differences between the triploids 
of the tivo species. The Phleum triploid is perfectly fertile, and in the 
progeny the chromosome number is never lower than 56. This is due 
to a general regularity of meiosis and a regular formation of tetrads. 
The triploid Solanum nigrum, on the contrary, was rather sterile, and 
at the tetrad stage from two to eight cells were formed. J0RGENSEN 
(1. c. p. 183) also mentions that according to Winkler’s breeding ex- 
periments (1922) the offspring from the triploids in a few generations 
turn into diploids. 

Since the triploids in Phleum pratense and Solanum nigrum are 
both characterized by rather high chromosome numbers, it is of interest 
to comparc these cases with other triploids having high chromosome 
numbers. Such material is, for instance, represented by triploid 
Nicotiana Tabacum, having 2n = 72. Triploids of this kind have been 
examined by Goodspeed (1930) and East (1933). Goodspeed observed 
trivalents as well as bivalents and univalents at I — M, but the exact 
number could not be determined. Judging from the total number of 
elements at I — M, which was frequently higher than 36, the average 
number of trivalents was probably lower than 12. In his triploid East 
(1. c.) found that the number of chromosomal bodies at I — M varied 
from 36 to 42, the former number being most typical. Though a few 
of these bodies may correspond to univalents or trivalents, most of theni 
are considered to be bivalents. If this is true, meiosis in triploid 
Nicotiana Tabacum w^ould be rather similar to meiosis in triploid 
Phleum pratense. At any rate, the frequency of trivalents seems to be 
relatively low and far lower than the possible maximum of 24. — 
Meiosis has also been studied in autotriploid twin plants of Triticum 
vulgäre, having 2n = 63 just as our Phleum twins (Yamamoto, 1936). 
In this material, in contrast to Phleum, Solanum and Nicotiana, the 
frequency of trivalents seems to be rather high, but no exact counts of 
Ihe number of trivalents were made. 

In comparison with our observations in Phleum the cytogenetic 
results obtained by Shimotomai (1931, 1932, 1933) in hybridization 
experiments in Chrysanthemum are quite interesting. The meiotic be- 
haviour in the Chrgsanthemum hybrids studied seems to depend entirely 
on the chromosome number of the parents. If the difference in gametic 
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chromosome number between ihe species crossed is an even multiple 
of the basic chromosome number 9 (generally 18), the resulting hybrid 
will have^erfectly regular meiosis with bivalents only. If the numerical 
difference between the parents is an uneven multiple (generally 9), the 
supernumerary chromosomes cannot find any mates and as a rule 
appear as univalents a t meiosis. A cross 18 X 36 will consequently 
give a hybrid with 2n == 54, which chromosomes form 27 bivalents at 
meiosis. A cross of the type 18 X 27, on the contrary, gives an Fi with 
18„ 9j at meiosis. In hybrids of the first kind all gametes receive 
the same chromosome number, and such hybrids therefore behave as 
new cytologically constant species in contrast to hybrids of the second 
kind. In the Chrymnthemum material studied the different genomes, 
judging from the mode of pairing, must be largely homologous and may 
be recombined at will without serious disturbances. The behaviour of 
the hybrids seem to depend on purely numerical conditions. These 
results are quite similar to those found e. g. in Papaver (Ljungdahl, 
1924) and in Fragaria (Lilienfeld, 1933). F\)r other similar cases cf. 
Darlington, 1937, p. 208. 

Thus, tliough the genomes of the polyploid Cbrgsanthemum species 
in question are largely homologous, tliere are no multivalents at meiosis 
in the pure species or in balanced hybrids derived from them. In 
hybrids with univalents, however, trivalents may also occur. In the 
Chrgsnnthemum hybrid lavnndulaefolium X indicum the frequency of 
trivalents was even found to he, rather high (Takemoto, 1939), con- 
figurations such as 8„i + In + li and 5i„ + 4„ + 4, being obser ved. Of 
the two parent species, C. lavaudulaefolium is diploid (2n = 18) and 
C. indicum tetraploid (2n = 36). Though the two genomes of indicum 
must be largely homologous, which was also verified by chromosome 
morphological studies (Shimotomai and TAKEMoro, 1939), they do not 
seem to form quadrivalents in pure C. indicum (cf. SHiMOTOMAt, 1933, 

Fig. 1 g). 

l'he absence of multivalents in the pure species or balanced hybrids 
scemcd peculiar at a previous discussion of the Chrgsanthemum results 
(MCntzwg, 1936), but in view of the present results in Phleum it is 
more easy to understand. It is not necessary to assume a condition of 
differential affinity, the absence of multivalents may simply be the 
result of a strong tendency to two-by-two pairing of the same kind as in 
Phleum. If this tendency is at work, the »need» of association is satis- 
fied by the pairing of two homologous chrom»>.somes. Even if there are 
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groups of four perfectly homologous chromosomes, these will pair as 
Iwo bivalents and not as one quadrivalent. 

In Solanum nigrum not only hapioids and triploids were studied by 
Jf0aGENSEN (1928) but also tetraploids. Considering the r^markably 
regular I — M association in the triploid, it is not surprising that in the 
ietraploid (2n=144) muitiple associations were quite rare, the great 
majority of the chromosomes forming bivalents. Only a few quadri- 
valents were observed at diakinesis and may also occur at firsl 
metaphasc« 

In Phleum pratense ietraploid forms (2n = 84) have not yet been 
produced, but their production is probably only a question of time, They 
might either be produced by colchicine treatment of ordinary timothy 
or by selection of twin seedlings in the progeny of 8x plants* As 
described in detail in this paper, many plants having exactly or ap- 
proximaUdy the 8x chromosome numbt^r 56 were obtained in the off- 
spring of the triploid twins. By raising new twin seedlings from 56- 
chromosome plants it should be relatively easy to get plants with 
56 + 28 = 84 chromosomes. These woiild be tetraploid in relation to 
ordinary Phleum pratense (2n = 42). By crosses between plants with 
84 and 56 chromosomes it should also be possible to raise individuals 
with 2n — 70. In view of the strong tendency to two-by-two pairing in 
Phleum, it may be predicted that such plants should in the main have a 
regular meiosis with 35 bivalents. In the same way the tetrkploid 
individuals (n = 84) should niainly have 42 bivalents at diakinesis and 
tirst metaphase. — Starting again from plants with 70 and 84 chro- 
mosonies, it should be possible to produce true breeding strains with 
still higher chromosome multiples. 

Pending the production of such new strains, the mode of chro- 
mosome association in ordinary Phleum pratense may be considered 
once more from another point of view. As observed by MOntzing (1935) 
and as described in the present paper, the typical I — M configuration 
is 21i,. The absence or rarity of multivalents would seem to indicate 
that the three genomes of Phleum pratense are well differentiated. 
However, the results of Nordenskiöld (1937) and ourselves strongly 
indicate that at least two of the three genomes (Ai and A^) are highly 
homologous. This was evident, firstly by the regular formation of 14 
bivalents in the hybrid between Phleum pratense and nodosfum and, 
secondly, by the formation of 28 bivalents (+ 7 univalents) in our tri- 
ploid pratense. Il should also be observed that the tetraploid pratense X 
nodosum hybrid (2n=:28) as well as triploid pratense (2n = 63) have 
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very good fertiiity, and that in the offspring of triploid prateme variation 
in plant vigour was not greater than in ordinary Phleum prateme. 

The absence of quadrivalents in P. prateme does not necessarily 
imply that the bivalents formed are always of the type Ai — Ai and 
A» — A*. It may be that pairing is just as frequent between the At and 
A* chromosomes. Among the four homologous genomes present the 
pairing tendency is completely satisfied by the formatioil of bivalents. 
It is quite possible that these bivalents are formed at random, and if 
that is true, the distinction between A, and Aj is no longer valid. Thus, 
it seems possible and even probable that the genome formula of 
P. pratense should be given as NN AA AA instead of NN A,Ai A^Aj. 

Studies of segregation ratios in Phleum prateme would be im- 
portant in order to decide if the above hypothesis of random pairing is 
correct. If there is no distinction between Ai and Aj genomes, dihybrid 
ratios for faclors located in these genomes would be of the autotetra- 
ploid type 35 ; 1 rather than 15 : l. Unfortunately, as far as we know, 
distinct segregation ratios have not yet been described for this species. 

Such ratios, howevcr, are known in Solanum tuberosum, in which 
the cytogenetic conditions seem to be similar to those in Phleum 
prateme. Lunden (1937) studying the genetics of the spccies found 
autotetraploid segregation ratios for several factors. This is remarkable 
since S. tuberosum has generally been assumed to be an allotetraploid 
species. All European potato varieties have 2n = 48, and at meiosis the 
great majority of these chromosomes form bivalents, only a small 
number forming true multiple associations (Bleier, 1931 ; Meurman and 
Ranceen, 1932; Ellison, 1936). Under such circumstances it must be 
concludcd that in the potato the four genomes of 12 chromosomes are 
highly homologous, and that there. is a random two-by-two pairing be- 
tween the homologous chromosomes of all four genomes. Solanum 
tuberosum like Phleum pratense may, indeed, be one of those species 
in which four homologous chromosomes prefer to associate at random 
as two pairs instead of forming a quadrivalent. 

This possibiUty is further strengthened by the cytological ob- 
servations of Lamm (1938) and Pbopach (1937, 1938). Lamm studied 
a polyhaploid potato plant (2n = 24), being a member of a pair of twin 
seedlings in the progeny of a tetraploid F, hybrid (20 = 48) between 
triploid Solanum chaucha (from South America, 2n = 36) and tetra- 
pl<Ad S. tuberosum (2n = 48). In this haploid the 24 chromosomes 
were associated at I — M as 12 bivalents in the majority of the p. ni. c., 
and many of these bivalents were joined by two chiasmata. In the 
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letraploid sister twin most of the chromosomes as usual formed hi- 
valents, though some trivalents and quadrivalents were also present.. 
The average chiasma frequency per chromosome was found to be 1,22 
in the haploid, 1,27 in the tetraploid. 

Thus, it seems clear that Solanum tuberosum betongs to the same 
group of material as Solanum nigrum, Phleum pratense, some Chrgs- 
anthemum and Papaver species, etc., for which a high degree of auto- 
polyplotdy is characteristic though this is not apparent at meiosis in 
the pure species. 

The number of Solanum species showing such conditions are not 
limited to S. nigrum and tuberosum. Propach (1. c.) has studied some 
ofher polyploid Solanum species, showing quite regular bivalent for- 
mation in the pure species but autosyndesis in hybrids with diploid species. 
Pbopach (1937 ) concludes Ihat the supposed allopolyploidy of S. acaule 
and demissum is only apparent, their genomes in reality being 
hoinologous. Though autopolyploid the species are supposed to have 
acquired, during Iheir phylogeny, the capacity of regular bivalent 
formation. 

According to our opinion, and in agreement with Propach's con- 
clusions, the results in Phleum and the other genera, showing similar 
conditions, can only be explained by assuming a special genotypically 
controlled tendency to bivalent formation. In species capable of such 
a control the formation of multivalents is prevented, and thus a regular 
meiosis is secured in spite of complete or almost complete homology 
between more than two genomes. — By assuming such a force we do 
not deny the prime importance of differential affinity and chiasma 
frequency for the mode of chromosome pairing (cf. Darlington, 1937), 
but these factors do not seem to be sufficient to explain the wholc story. 
— In presumably autotetraploid Tiilipa species Upcott (1939 b) finds a 
low frequency of quadrivalents, and this is correlated with a lower 
chiasma frequency and fewer changes of partner at pachytene than in 
diploid and triploid tulips. Judging from these observations, the 
specific genes preventing multivalent formation may excersize their 
influence either by a reduction in the frequency of chiasmata in the 
regions paired or by a reduction of the changes of partner at pachytene. 
The latter method may be the more important one for the cases discussed 
in this paper. In Phleum, at least, the chiasma frequency was high 
encmgh to permit the formation of multivalents. 

From the facts described above it is clear that some species, though 
having a regular meiosis without multivalents, are nevertheless highiy 



PHLEXJM TWINS 


495 


auiopolyploid. Thus, though the presence of multivalents at meiosis mag 
indicate auiopolgploidy, the absence of multivalents does not prove 
the spécies to be allopolgploid. In a paper on the evolutionary signific- 
ance of autopolyploidy one of us (MCntzing, 1936) presented evidence 
strongly indicating that the röle of autopolyploidy in nature had been 
underestimated. This was especially evident from an analysis of the 
properties of a series of intraspecific chromosome races and closely 
related species representing different degrees of polyploidy. 

In most of the cases studied the polyploid forms were characlerized 
by the presence of multivalents at meiosis, but in a minority of cases 
Ihere were no multivalents in the polyploid forms. In some of the 
latter cases (Nasturthim, Chrysanthemiim and Betula) other evidence 
than the presence of multivalents strongly indicated autopolyploidy, 
and therefore the conclusion was drawn (1. c. p. 313) Ihat »though a few 
cases oceur. in which the absence of multivalents indicates allopoly* 
ploidy, these are only exceptions and in some cases even uncertain 
exceptions to the rule that polyploid intraspecific chromosome races are 
generally autopolyploid». 

This conclusion is further supported by the evidence diseussed in 
the present paper, firstly, because it is now quite clear that genomatic 
homology does not always lead to multivalent formation, secondly, 
because Iwo of Ihe apparent exceptions lo the rule were represen ted by 
Phleum alpinum and Phleum pratense-nodosiim, (^onsidering the 
Phleum results presented in this paper and those obtained by Norden- 
skiöld (1937), it is quite evident that the Phleum species in question 
contain genomes that are coinpletely or partially homologous. Thus, 
the exceptions to the rule that polyploid intraspecific chromosome races 
are autopolyploid now seem to be still fewer than in 1936. 

It is also evident that the occurrence of autopolyploidy is not limited 
lo polyploid chromosome races but is also met with in polyploid species. 
So far only such species as are characlerized by multivalents at meiosis 
have been recognized with certainty as being autopolyploid (cf. 
MCntzing, 1936, p. 334). However, the examples in the genus Solanumy 
for instance, demonstrate that this category also ineludes species with 
only bivalents at meiosis. Thus, races and species, which are completely 
or predominantly autopolyploid, must be even more freqiient than there 
was reason to assume a few years ago \ 

^ In her reccnl paper on polyploidy in Tulipa, Upcott (1939 b) finds it ap- 
propriate to critisize the paper of MOntzing (1936) by conf ron ting two detached and 
apparently contradictory sentences. However, anyone reading the whole chapter will 
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Though, from a theoretical poiiit of view, the mode of diromosome 
pairing is of most interest in our triploid Phleum twins, some other 
points may also be briefly considered. — It is rather striking that in the 
progeny of the twins witli 2ns=63 the plants are but very slighUy 
sensitive to the variation in chromosome number, plants with 59—^1 
chromospmes having about the same vigour as plants with ö6 — 58 and 
62 — ^64 chromosomes. This independence of chromosome number is 
certainly due to the autopolyploid constitution and the rather high 
absolute chromosome number of the material. Quite analogous results 
were obtained by MCntzing (1937 b, 1940) in material of Dactylis and 
Poa. Also in allopolyploid Triticale strains deviations from the typical 
chromosome number 56 have not much effect on plant vigour 
(MOntzing, 1939). 

The high degree of fertility in the Phleum material under discussion 
may be explained in the same way. All genes necessary for the function- 
ing of the pollen grains and ovules are reduplicated, and therefore it 
does not matter whether tliere are any extra chromosomes present 
or not. 

From a practical point of view this undisturbed fertility is of course 
very favourable, and the same is true of the regular meiosis in the 
triploid twins. Since there is every reason to believe that the same 
regularity will be repeated in the offspring, it should be an easy task 
to raise an unlimited number of stable strains» having 2n = 56. Whether 
the other possible derivatives, having 2n = 70 and 2n = 84 etc.» will be 
quite stable is so far an open question. — For brecding purposes it 

not misunderstand the meaning. Since probably nothing can be said agauist the 
first statement, that the presence of multivalents indicates autopolyploidy, the ab- 
sence of nuiltivalents allopolyploidy» the other sentence critized may be considered» 
viz, »Thus, though a few cases oceur, in which the absence of multivaleuts indicates 
allopolyploidy» these are only exceptions and in some cases even uncertain exceptious 
to the rulc that polyploid intraspecific chromosome races are generally autopoly- 
ploid.» 

Since the evidence on which this statement is based is still perfectly valid» there 
1$ no reason for a change of opinion On the contrary» the data diseussed above 
in the present paper give further support to the view that polyploid intraspecific 
chromosome races are really in most cases autopolyploid. 

In the paper by Upcott (1 c p. 335) il is further stated, strangely enough 
in contradistinetion to some quotations from the paper by MCntzing (1936), that 
many polyploid species are intermediate between the two extremes (presumably auto- 
and allopolyploidy). We pertectly agree with this opinion, especially since chapter VII 
in MCntzing*s paper (1. c. pp 361 — 365) deats with the same subject and reaehes 
the same conclusions. 
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would be of most interest to concentrate on the production of strains 
with 56 chromosomes. This program is further supported by the 
observation of a very slight, but nevertheless significant, correlation 
between chromosome number and vigour, the plants having the exact 
or approximate chromosome number 56 being somewhat superior to 
individuals with chromosome numbers intermediate between 56 and 63. 

In spite of the presence of individuals of the latter kind some of the 
twin progenies studied gave a yield which was quite or almost as good 
as the yield of the standard (2n = 42). This is remarkable, since the 
standard used was a well-known commercial variety and the first Iri- 
ploid twins available were of unknown origin. Good future results may 
be expected a) by the production of 63-chromosome plants from the 
best P. pratense material available, b) by selection and intercrossing 
among the triploid twins thus produced, and c) by selection of strains 
with 56 chromosomes in the following generations. — Due to meiotic 
elimination the chromosome number in the offspring of 63-chromo- 
some twins will in time probably automatically reach the 8x condition, 
but by a direct selection of vigorous plants with exactly or ap- 
proximätely 56 chromosomes the process may be greatly accelerated. 

Finally, it may be mentioned that the change in chromosome nuni- 
ber from 42 to 56 — 64 does not involve any obvious change in the 
Chemical properties. Thanks to Dr. J. Lindberg, Svalöf, determinations 
of water content, crude protein, crude fat, soluble carbohydrates, crude 
fibre and ashes were undertaken in the twin pairs, twin progenies and 
the standard variety. In all of these properties the material with high 
chn>^osome numbers had sometimes slightly higher, sometimes slightly 
lower values than the corresponding types with the normal chromo- 
some number. Thus, the breeding of timothy with 56 chromosomes 
instead of 42 may evidently be undertaken without the risk of a de- 
creasing Chemical quality. 


SUMMARY. 

1. Twin plants of Phleum pratense, having 2n = 63 instead of the 
normal number 2n = 42, were found to have good vigour and perfectly 
good fertility. The »triploid» members of the twin pairs have longer, 
broader and thicker leaves than the corresponding diploids and also 
thicker stems, longer and thicker culms, bigger spikelets and larger 
pollen grains. 

2. Meiosis was studied in the p. m. c. In the triploids the fre- 

HtredttaM XXVf, 32 
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quency of bivatents was much bigher and tbe fre^ueney 
inuch lowar than expected. The sum of the bivalents and the oceiliihmtf 
irivalents was hardly ever lower than 28, and ihe number of umirateUa 
not higher than seven. 

3. Estimatiiig the degree of meiotlc elimination the average nhro* 
mosome number of the gametes formed by the triploids wa» found to 
jtm 30, fH, All gametes will carry at least 28 chromosoines. In the off- 
sfM^ing of tlie triploid iwins chromosome counts were undertaken in 
186 individuais. The chromosome number was found to range from 
56 to 64, the average value being 59,66. Thus, the agreement between 
expa<^^on and observation is quite good. 

4. Plant weight was compared in the twin progenies and a standard 
variety having the normal chromosome number 42. Considering the 
chromosomal v&riation in the twin progenies, their average produg^ivity 
was surprisingly good and about equal io that of the standard. In the 
first summer the twin progenies gave a higher yield than the standard, 
but in the later weighings the results were less favourable. Thus, the 
twin progenies were less hardy than the standard. 

6. In the twin progenies the possible occurrence of a correlation 
between chromosome number and vigour was tested. Combining all 
data available, the plants having the exact or approximate 8x con- 
stitution were found to be slightly more vigorous than those having 
number s interniediate between 56 and 68 Pollen fertility, on the other 
hand, was found to be quite good in plants with an|> chromosonife 
number. < 

6. The mode ol chromosome pairing in diploid^ and |^loid 
Phleum pratense is discussed. Two of the three genomes of^ttii^ species 
must be homologous, and thus the genome formula shoulcf be given as 
NN AiAi AiAa rather than NN AA BB. It is even possible that Ax and A 2 
are identical, and that pairing between the At and A 2 chromosomes is 
just as frequent as the pairing of the type At — At and Aj> — A 2 . 

7. In Phleum pratense the »need» of association is almost com- 
pletely satisfied by the pairing of two homologous chromosomes, even 
it plenty ol other homologous chromosomes are present in the nucleus. 
This is not due to an insufficient chiasma frequency bul must be caused 
by a special, genotypically controlled tendency to bivalent formation. 
Similar cases in other genera are discussed. 

8. Since an autopolyploid constitution is not aiways accompanied 
by multivalent formation, races and species which are completely or 
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